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SUMMARY 


The indirect fluorescent antibody pro- 
cedure was used to study the reaction 
of antibody, active against human con- 
nective tissue, with living and dead He- 
La cells. These antibodies were fixed 
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in killed cells. Antiserums to human 
fibrinogen and human y-globulin did 
not give this type of fixation. Compo- 
nents taken up by the cell from the cul- 
ture medium were demonstrable in the 


only at the cell surface of viable HeLa 
cells and were able to react with intra- 
cellular cytoplasmic components only 


cytoplasm of killed cells.—J. Nat. Can- 
cer Inst. 24: 255-265, 1960. 


TO BE fixed by a cell, antibody must react at the surface of the cell or 
penetrate it and combine with an intracellular antigen. For an appre- 
ciable quantity to become fixed in vivo it must do so before it is metabo- 
lized or otherwise removed from the circulation (1). Of the antibodies 
directed against cellular constituents, those against cell surface compo- 
nents would be expected to react most quickly and efficiently since the 
surface of the cell can readily select the particular antibodies which are 
directed toward it. If the reaction were to take place only with an 
intracellular antigen, the process would be much slower and inefficient 
since the antibody would not be selected at the surface from the pool of 
extracellular protein. The antibody directed against intracellular com- 
ponents would have to be taken in without selection along with other 
proteins. The reaction of antibody with antigen could then take place 
and the extra non-antibody protein could either be digested or excreted 
unchanged. If ingested protein were altered prior to excretion, antibody 
capable of reacting with a different cell, if ingested, would be altered and 
lost for localization purposes. 

Of course, an antibody, which is able to react only with an internal 
component, might still cause cell death if present long enough to permit 
sufficient interaction. This could be the situation where antibodies are 
being actively produced by the host. Studies with viruses have shown 


1 Received for publication June 23, 1959. 
? The authors thank Mr. Joseph Bernecky and Dr. J. Jurandowski for technical assistance. 
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that once the virus enters a cell it does not appear to be affected by the 
antibody (2). It would thus appear that either the antibodies do not 
freely enter the cells, or the virus multiplies within the cell more rapidly 
than it is destroyed by antibody, or the antibody is not directed against 
the virus deoxyribonucleic or ribonucleic acid core. 

To obtain further information on the ability of antibody to penetrate 
into cells, the present study was carried out using an antiserum directed 
against human connective tissue and measuring the effect on HeLa cells, a 
strain which previously had showed cross reactions with this antiserum (3). 


MATERIALS AND METHODS 


Preparation of antiserums.—The rabbit antihuman connective-tissue 
serum (prepared against a melanoma but known to react with connective 
tissue) and antihuman globulin serum have been previously described (3). 
Antihuman fibrinogen serum was obtained from Dr. E. Day, of this 
department, and was described previously (4). 

Fluorescein- and tetramethylrhodamine-labeled horse-antirabbit y-glob- 
ulin was used for the indirect immunohistochemical staining of the sec- 
tions. Both labels were coupled to protein by the procedures described 
by Coons and Kaplan (5) for fluorescein and by us for tetramethyl- 
rhodamine (6). 

All serums used in the study were either absorbed with human or rat 
liver sediments as follows: 5 ml. of a 20 percent liver homogenate was 
washed with saline 2 to 3 times or until the supernatant was clear. To 
the packed sediments, 1 ml. of the antiserum was added and absorptions 
were made at room temperature for 30 minutes with constant agitation 
on a wrist-action shaker. Three absorptions were made in this manner 
for each of the antiserums, as well as for the labeled conjugates (7). 

HeLa-cell preparation and staining.—The HeLa-cell strain studied was 
developed from a single cell of stock HeLa cultures (8). The effect of 
anticonnective-tissue serum was demonstrated on 48-hour cultures of 
living HeLa cells growing as monolayers on slides. The HeLa cells were 
washed in Hanks’ solution, and then incubated with 1 part heat-inacti- 
vated antiserum mixed with 5 parts medium 199. The slides were incu- 
bated 1 hour at 36° C., washed free of the protein-medium mixture, and 
then fixed in cold acetone (5° C.) for 30 minutes. The slides were washed 
under running tap water, and rinsed in distilled water and saline buffer 
before treatment with fluorescein- or rhodamine-labeled horse-antirabbit 
y-globulin. 

To demonstrate the staining of intracellular constituents, cold acetone- 
fixed cells were used. The HeLa cells were washed in Hanks’ solution 
and fixed prior to treatment with the appropriate antiserums. Except 
for the fixation before antibody treatment, the procedure was the same 
as that described. 
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The cytotoxicity observations were made on living HeLa cells growing 
on slides which were treated with 1 part test serum, 4 parts medium 199, 
and 1 part freshly reconstituted lyophilized guinea-pig serum. At given 
intervals, the slides were removed, washed, and fixed in cold acetone. 
The cells were then treated with the labeled conjugate to demonstrate 
the site of fixation of the rabbit antibodies. 

All slides were mounted in buffered glycerol containing 1 part phosphate 
buffer, pH 7.0, to 9 parts glycerol. 

Observations and photomicrographs were made on Reichert fluorescence 
equipment with a 35-mm. camera attached; the film was Super Ansco- 
chrome. The exposure times varied, depending on the intensity of the 
cellular staining, but were usually between 2 to 5 minutes. The film was 
forced-developed to obtain an ASA speed rating of 200. This was done 
by developing the film in the first developer for 23 instead of 16 minutes 
and in the color developer for 16 instead of the usual 14 minutes. Other- 
wise, the instructions supplied by the manufacturer for the development 
of color film were adhered to. 


RESULTS AND DISCUSSION 


When viable Hel.a cells were treated with heat-inactivated antihuman 
connective-tissue serum for 1 hour, washed with saline, fixed with acetone, 
and then treated with fluorescein-labeled horse-antirabbit globulin, 
there appeared to be surface staining of the cells (figs. 1 and 2). The 
cell outline fluoresced brightly due to the apparently high concentration 
of antibody at the periphery, since the surface is viewed obliquely at this 
region. Fluorescence over the rest of the surface was low and diffuse 
because the antibody layer viewed perpendicularly is thinner (9). There 
appeared to be little cytoplasmic staining of the cells and as a result the 
nuclei were indistinct. Control slides incubated with antihuman globulin 
serum or antihuman fibrin serum were essentially negative. In no case did 
treatment of the viable cell with the heat-inactivated antiserum produce 
any gross morphological changes during the period of observation. 

The results were quite different when the HeLa cells were fixed in cold 
acetone first, and then treated with the anticonnective-tissue serum and 
fluorescein-labeled horse-antirabbit globulin (figs. 3 and 4). There was 
strong perinuclear staining of cytoplasm within the cell, while the nucleus 
of the cell remained unstained. The difference between the types of stain- 
ing observed in dead and in viable cells indicates that the serum contained 
antibodies capable of reacting with cytoplasmic components as well as 
cell surface components, but the antibody does not penetrate the limiting 
membrane to reach the cytoplasmic antigens unless the cell has been killed 
and the surface altered.* 

3 Similar differences in staining of viable and killed cells have been shown for the interaction of anti-Murphy 
lymphosarcoma serums with ascites cells of the lymphosarcoma (10). Also, in the case of antibodies to viruses, 


Several investigators have demonstrated that viruses can be shown inside killed cells by the fluorescein-label 
method (11), while O’Dea and Dineen have shown only surface staining of viable virus-infected cells (12). 
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An alternate explanation for the peripheral staining is that the viable 
cells are permeable, but antibody is retained at the surface because of the 
presence of excess antigens. 

In another experiment, living cells that were treated with anti- 
connective-tissue antibody and that showed surface staining as described, 
were treated again, when they were dead, with the same anticonnective- 
tissue antibody. Since the restained cells showed cytoplasmic peri- 
nuclear staining, it appears that the type of staining depends on the 
state of the cell during the treatment with antiserum. 

In general antihuman fibrin serum failed to stain the cells. However, 
some of the cells showed slight deposits on their surfaces, presumably 
fibrin (10), which were stained with the serum (figs. 5 and 6). Anti- 
human y-globulin antibody did not stain the cytoplasm of the fixed 
HeLa cells like antibody to human connective tissue. However, under 
closer examination it was found that a few cells showed strong fluorescence 
of spheroid particles in the cytoplasm (fig. 7). Often one cell in a small 
group of cells would fluoresce, which indicated that this is a property of 
only particular cells. This type of staining has been described previously 
and was interpreted as resulting from the cross reaction of antibody to 
human y-globulin with calf-serum protein taken into the cell from the 
culture medium by pinocytosis (3). Bovine y-globulin is known to 
cross react with rabbit-antihuman y-globulin (13). To test this hypoth- 
esis further, cells were grown in a culture medium containing ovalbumin 
as well as calf serum, and then the cells were stained for ovalbumin before 
and after acetone fixation. This was done by treating the viable or 
fixed HeLa cells with rabbit-antiovalbumin, and then developing with 
fluorescein-labeled horse-antirabbit globulin. Here again some of the 
fixed cells contained stained granules in the cytoplasm, while none of the 
viable cells were stained. None of the cells grown in the absence of 
ovalbumin showed any staining with antiovalbumin. 

A feature of some concern to us in this reaction is that few of the cells 
show the staining. This may mean that only a few cells are imbibing 
fluid by pinocytosis, only a few retain the globules intact long enough to 
show up in this process, or perhaps the globules are dissociated by the 
fixation treatment in acetone. This process of pinocytosis may be a 
mechanism for antibody reaching intracellular components, though it 
is not an efficient one. 

An interesting feature is the cytotoxic reaction observed with viable 
HeLa cells when treated with the anticonnective-tissue serum in the 
presence of complement at 37° C. for various lengths of time, and then 
fixed in acetone. A cytotoxic effect was seen even as early as 6 minutes 
after addition of the mixture. Isolated cells showed an initial contraction 
of the cytoplasm with strands of cytoplasmic processes extending around 
the entire cell; characteristic swelling and ballooning of the cell surface 
was also noted. The fluorescent antibody showed that the rabbit protein 
had reacted on the cell surface. This was especially evident from the 
distinct surface staining in the areas where ballooning had occurred 
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also showed merely peripheral staining, which indicated inability of the 
antibody to penetrate any extended or perhaps even new surface formed 
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PLATE 12 


Figure 1.—Viable HeLa cells treated with antihuman connective-tissue serum and 
subsequently stained with fluorescein-labeled horse-antirabbit y-globulin. Fluo- 
rescence is localized to surface of cells and is particularly intense at boundaries 
where cells are in contact with each other. 


Ficure 2.—Same as figure 1, but at higher magnification, showing that the staining 
involves the cell surface. Nucleus is indistinct due to lack of perinuclear cytoplasmic 
staining. 


Fiaure 3.—Acetone-fixed HeLa cells treated same way as described above. Fluo- 
rescein-labeled antibody stained cytoplasm of HeLa cells. Nucleus is distinet but 
unstained. 


Ficure 4.—Same as figure 3, with tetramethylrhodamine in place of fluorescein as 
label giving essentially the same results. This label as well as fluorescein was used 
throughout the study and staining results paralleled those obtained with fluorescein 
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Ficure 5.—Acetone-fixed Hela cells treated with antihuman fibrinogen serum and 
stained with fluorescein conjugate. Fluorescence appears to be localized on debris 
or fibrin-like elements on glass slides as well as on some of the HeLa cells. 


Ficure 6.—Higher magnification shows the stained elements adhering to the cell; 
nucleus and cytoplasm of HeLa cells were unstained. 


Ficure 7.—Acetone-fixed HeLa cells treated with antihuman y-globulin and stained 
as above. Only a few cells showed this type of staining, which was limited to 
spheroid particles appearing to be intracellular. Surface, the nucleus, and cyto- 
plasm of cells were negative. 


Ficgtre 8.—Viable HeLa cells treated with antihuman connective-tissue serum in the 
presence of guinea-pig complement and subsequently stained as above. Cells 
treated in this manner show eytotoxie effects due to presence of antibody and com- 
plement. Characteristic ballooning and cytoplasmic processes are seen. 
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Effects of Glucose Analogues (2-Deoxy-p- 
glucose, 2-Deoxy-p-galactose) on Experimen- 


tal Tumors 


JOHN LASZLO,2? STEWART R. HUMPHREYS, and 
ABRAHAM GOLDIN,* General Medicine Branch, and 
Laboratory of Chemical Pharmacology, National Can- 
cer Institute,* Bethesda, Maryland 


SUMMARY 


The effects of the glucose antagonists, 
2-deoxy-D-glucose and 2-deoxy-D-galac- 
tose, have been studied on solid, ascitic, 
and systemic transplantable tumors in 
mice. Inhibition of tumor growth was 
noted in each instance and a modest 
prolongation of survival time attained 
with most tumors. These effects were 


more extensive than those achieved 
with rigorous caloric restriction alone. 
The results are considered consistent 
with the hypothesis that interference 
with glycolysis at the hexokinase re- 
action may be inhibitory to tumor 
growth.—J. Nat. Cancer Inst. 24 : 267= 
281, 1960. 


INTEREST IN hexose analogues has centered chiefly about the use of 
potent glucose antagonists for studying the glycolytic pathway in cancer 
cells (1, 2). These studies were extended to effects in vivo on carbohydrate 
metabolism in man and animals (3, 4), and to mouse tumors. The purpose 
of the latter was to test the hypothesis, previously tested in part by 
others (5-11), that a compound which interfered with the glycolytic 
energy source of malignant cells could inhibit growth of a wide variety of 
neoplasms. 

Marked glycolytic inhibition had been obtained in vitro with leukemic 
leukocytes from each type of human leukemia and with a group of solid 
and ascitic mouse tumors (1) by using 2-deoxy-p-glucose (2-DG) and 
2-deoxy-p-galactose (2-p-galactose). The inhibition produced by these 
agents was competitively reversed by glucose, with 1 part 2-DG inhibiting 
the glycolysis of 3 parts glucose by approximately 50 percent. Although 
the competition for enzyme site is apparently in favor of 2-DG, consider- 
able quantities of inhibitor are required when dealing with physiologic 
glucose levels (3). Brain tissue is markedly dependent upon glucose 
metabolism, and this may be expected to limit the usefulness of simple 

1 Received for publication May 14, 1959. 

2 Present address: Department of Medicine Duke University Hospital, Durham, N.C. 

3 The authors are grateful to Dr. Dean Burk, Dr. Bernard Landau, and Dr. Donald Tschudy for their valuable 
suggestions; portions of the 2-deoxy-D-glucose and 2-deoxy-D-galactose used in these experiments were supplied by 
the Cancer Chemotherapy National Service Center; Mr. Richard Eck made helpful suggestions in the design of 


the constant infusion method; statistical analysis was performed by Dr. Edmund Gehan. 
‘ National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare. 
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glucose analogues such as 2-DG which may pass the blood-brain barrier 
(12). 

The present studies investigated further the effects of 2-DG on trans- 
plantable tumors in mice and the limits of drug toxicity. 2-p-Galactose 
was investigated for antitumor activity in vivo and compared with 2-DG. 


MATERIALS AND METHODS 


2-DG and 2-p-galactose were purchased from the Aldrich Chemical 
Company. These compounds had been recrystallized from amy] alcohol 
and were 99 percent pure. They were dissolved in distilled water for 
parenteral administration or ground up in Purina Laboratory Chow for 
oral administration in the diet. 

Mice used in these studies were 3- to 4-month-old (BALB/cAn « DBA/ 
2J)F, hybrids or DBA/2J mice. No more than 5 mice were housed per 
cage, and individual metabolic cages were frequently used in the feeding 
experiments to measure the dietary intake. 

Subcutaneous, intraperitoneal, and intravenous injections were given 
in the usual manner. For studies with 24-hour, continuous intravenous 
infusions the mice were immobilized by wrapping the extremities with 
adhesive tape and pinning the tape to a wooden board (fig. 1). A #23- 
gauge needle was introduced into a lateral tail vein and fixed in position 
with scotch tape, and the tail immobilized. The needle was connected to 
a polyethylene tube, as in a standard pediatric scalp-vein set, and 0.2-ml. 
fluid delivered per hour from a syringe attached to a constant infusion 
pump. 


ANIMAL TUMORS 


The tumors studied were: L1210 leukemia—subline Z carried in DBA/ 
2J and subline BB carried in the hybrids; Bashford carcinoma M63—a 
nonmetastasizing solid tumor transplanted in the thigh; and a mast-cell 
tumor—received from Dr. Thelma Dunn and carried in hybrid mice. 
The J320 tumor variant was derived from the spleen of a mouse bearing 
the L1210 sensitive tumor, which had been treated with 28 mg. per kg. 
dichloromethotrexate from day 8 to day 61, and killed on day 86. This 
was a slow-growing metastasizing tumor that showed resistance to 
Methotrexate (13). The S204-1 tumor was derived from the spleen of a 
mouse bearing advanced L1210, which had been treated with 50 mg. per 
kg. dichloromethotrexate from day 6 to day 50, and killed on day 50. 
This transplantable tumor was partially Methotrexate-resistant. The S91 
Cloudman melanoma was studied in collaboration with M. W. Woods and 
Jehu Hunter, of the National Cancer Institute. In the current studies, 
tumor takes and deaths occurred in 100 percent of the control groups. In 
the mouse leukemias, titration studies were carried out and showed that 
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the cell inoculum was invariably greater than 100 times the inoculum level 
required to kill 50 percent of the animals. In experiments with treatment 
of late leukemia, spleen transplantation was performed at the onset of 
therapy to confirm the systemic nature of the disease. 


PHARMACOLOGIC CONSIDERATIONS 


Toxicity of 2-DG and 2-p-galactose varied widely with the method of 
administration. Thus the LD50 dose for a single intravenous injection 
could be given almost indefinitely each day if ground in with the food. 
Approximate values for LD50 with 2-DG for different modes of adminis- 
tration are listed in table 1. These values were determined by using 4 or 
more normal hybrid mice per dosage level, with the exception of the con- 
stant intravenous infusion for which only 2 mice were used per dose level. 
Intravenous injections were more toxic (LD50 = 2.5 gm./kg.) than sub- 
cutaneous (LD50 = 5.0 mg./kg.) or intraperitoneal (LD50 = 4.5 gm./kg.) 
routes of injection. The mice were able to tolerate much more drug when 
it was given in divided doses throughout the day and night, and still more 
when given by continuous intravenous infusion, or nearly continuously 
when mixed in with the diet. Thus, mice could recover from 6 gm. per kg. 
when given over a 24-hour period by intravenous infusion. When given 
continuously as 5 percent in the diet (approximately 6 gm./kg.) the ani- 
mals could survive 2% weeks. Giving the drug orally in this manner 
does not mean constant drug intake. For example, on the Ist day of the 
study 25-gm. mice ate 4 gm. of diet, taking in 8 gm. 2-DG per kg. body 
weight; in the 2d week the intake averaged 2 gm. per day for the mouse 
now 22 gm., or 4.5 gm. 2-DG per kg. body weight. This self-regulating 
sliding scale of dosage was effective in giving these drugs, and was com- 
bined with intermittent oral therapy. 

The effects of oral 2-DG on mouse body weight are shown in text- 
figure 1. Control mice fed ad libitum gained 2 gm. over 4 weeks’ obser- 
vation. The 2 groups of mice fed 10 percent 2-DG in the diet lost 16 
and 20 percent body weight in the first 5-day course of treatment, and 
this weight loss had been completely regained within 5 days after cessa- 
tion of therapy prior to the next course of therapy. During the second 


TABLE 1.—2-Deoxy-p-glucose toxicity in normal mice 


LD50 dose Time until 
Route (gm./kg.) Major toxic effect death 
Subcutaneous 5.0 Coma 1-20 hrs. 
Intraperitoneal 4.5 Convulsion, coma 1-5 hrs. 
Intravenous, single dose 2.5 Convulsion, coma <10 min. 
Intravenous infusion ca. 7.5 Weakness 24 hrs. 
Oral 5% of diet Edema 16-20 days 


10% of diet Weight loss, ataxia 10-12 days 
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A=Control 
B= 5% 2DG in Diet 
C, D=10% 2DG in Diet 


Gm BODY WEIGHT 


——2DG in Diet 
---- Regular Purina Diet 


15 20 25 30 35 45 
DAYS AFTER ONSET OF STUDY 


TextT-FIGURE 1.—Effect of intermittent oral 2-deoxy-p-glucose administration on 
body weight of normal mice. Average weight of each group of 3 mice is plotted 
as a point on the graph. 


5-day course of therapy, the weight loss was 26 and 30 percent. At this 
point the 2 groups were apparently near death and regular diet was in- 
stituted with Cheddar cheese supplement. The latter was found to 
markedly stimulate the food intake of these sick animals; in 1 day they 
regained 4 gm. of body weight and looked very much improved. On the 
2d day of recovery, 1 group was again treated with 2-DG to the point of 
toxicity and then allowed to recover. After a brief period of recovery 
the mice had more than regained their pretreatment weights and appeared 
normal during 3 weeks of observation. 

The group fed 5 percent 2-DG in the diet had a different weight course. 
This group was maintained on 5 percent 2-DG in the diet for 16 days, at 
which time the mice were evidently near death. During the first 8 days 
of treatment they lost 13 percent of their body weight; thereafter they 
entered a period of weight gain, actually regaining their initial weights. 
However, at the end of the second 8-day interval the mice were markedly 
edematous and grossly boggy with increased organ wet weights. Thus 
body weight in this phase of 5 percent 2-DG treatment was not a useful 
indicator of toxicity. When treatment was stopped, the mice rapidly 
lost their edema, had high food intake, and actually became heavier than 
normal control mice. 

Manifestations of 2-DG and 2-p-galactose toxicity varied, depending 
on the mode of drug administration, as indicated. Acute drug deaths, 
with intraperitoneal and intravenous injections, were preceded by con- 
vulsions, coma, and respiratory arrest (table 1). Chronic drug deaths 
were presaged by a prolonged period of loss of lean body weight, anorexia, 
weakness, lassitude, and, terminally, by ataxia. In addition to loss of 
lean body weight, as characteristically occurred with 10 percent 2-DG in 
the diet, there was frequently, as described, an apparent weight gain due 
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to edema formation with 2.5 and 5 percent 2-DG in the diet. At 10 
percent 2-DG and 2-p-galactose, sufficient osmotic diuresis apparently 
occurred so that such water accumulations usually did not appear. 
Toxicity produced by 2-DG and 2-p-galactose was prevented or re- 
versed with glucose. Table 2 gives the response of mice to a single dose 
of 2-DG at 5 gm. per kg., given subcutaneously. Within 15 minutes 
after injection all 5 mice injected with 2-DG alone were in a coma; after 
20 hours 3 of the 5 had died. In the group given glucose (20 gm./kg.) 
subcutaneously at the same time as 2-DG, all the animals remained in 
good condition. In another portion of the experiment the mice recov- 
ered, even though the glucose was given 25 minutes after 2-DG at a time 
when the mice were in a coma. In similar reversal experiments, it was 
found that glucose could not reverse the toxicity if the interval between 
glucose and 2-DG was of such duration (approximately 30 minutes) that 
the animals were beginning to die. 


TABLE 2.—2-Deoxy-p-glucose toxicity prevented* by 
glucose 


2-DG Glucose Number Complete 
subcutaneously subcutaneously  deadf recoveryt 


5 gm./kg. 0 3/5 0/5 
20 gm./kg. 0/5 5/5 


5 gm./kg. 


*Toxicity could also be reversed by glucose given within 20 minutes after 
2-DG. 
tAt 20 hours after injection. 


After the observation that glucose could counteract the toxic effects 
of an acute dose of 2-DG, the effect of insulin action was tested in this 
system (table 3). Four mice in each group were given a sublethal dose 
of 2-DG, 3 gm. per kg., intraperitoneally, which, by itself, made the mice 
limp and caused shallow respirations. However, the mice recovered 
from this dose of 2-DG within 6 hours. Simultaneous administration of 
glucose at 15 gm. per kg. prevented the coma, although the mice did 
show transient weakness. When 8 units of crystalline insulin (sublethal 
by itself) were given with the 2-DG plus glucose, all the mice died. When 
insulin was given with 2-DG, 2 of 4 mice died. 


TaBLE 3.—Effect of glucose and insulin on 2-deoxy-p-glucose toxicity 


2-DG + glu- 
2-DG* 2-DG + insulin 2-DG-+ glucose cose + insulin 
(3 gm./kg.) (8 units) (16 gm./kg.) (8 units) 


30 Minutes 
12 Hours 


Comat Coma Good Coma 


Fairt 2 Dead Good 4 Dead 
2 Fairt 


*Injections all intraperitoneally given as a total in 1-cc. distilled water. 
tCompletely recovered in 36 hours; 4 mice in each group (30-gm. male hybrids 1 year old). 
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The effect of varying dosage schedules of 2-DG on the L1210 mouse 
leukemia (subline BB) is depicted in text-figure 2. Treatment was 
started on the 6th day post inoculation. The mice were divided into 
groups of 10 and received subcutaneous injections every 24, 12, and 6 
hours. In addition, 1 group of 25 mice received only a large, single 
intravenous dose (1050 mg./kg.). The 20 control animals had a median 
survival time of 10.5 + 1 days. The only experimental group to achieve 
appreciable prolongation of life was the one receiving the drug (515 mg./ 
kg.) every 6 hours (median survival time 13 days). These results are 
similar to those reported by Ball et al. (11) using 2-DG in the treatment of 
Walker carcinosarcoma 256. 


15 


CONTROLS—— WAVY 


N 


MEDIAN S.T. (DAYS) 


= 
= 
= 
= 


LV. 2X DAILY S.C. 
DOSE (Mg,/Kg,, INDIVIDUAL) 
TeExtT-FIGURE 2.—Effect of varying modes of administration of 2-deoxy-p-glucose on 


the median survival time of mice bearing leukemia L1210. Dosages are listed in 
vertical columns. 


Since 2-DG appeared to be effective in increasing survival time only 
on frequent administration, several experiments were performed in which 
the drug was administered in the diet. In the first such experiment, 
dietary therapy was instituted at a terminal stage (day 9) for mice with 
leukemia L1210 (subline Z). The controls gave a median survival time 
of 10 days (range 10-11). With 10 animals per group the lowest 2-DG 
content of 2 gm. per kg. body weight (based on a 4-gm. intake) gave a 
median survival time (MST) of 10 days (range 10-11); 5 gm. per kg. 
gave a MST of 11 days (range 10-13), and 10 gm. per kg. gave a MST of 
13 days (range 11-19). Although the absolute increase in survival time 
at 10 gm. per kg. was not great, it represents a threefold increase in the 
expected survival time from the onset of treatment of these mice. 

A second experiment was designed to repeat the study on L1210, with 
treatment initiated at a somewhat earlier stage of disease, and to test 
the effect of a 24-hour infusion of drug. The effect of Bayer E39 (14) (an 
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orthoquinone alkylating agent and respiratory inhibitor of tumor cells 
in vitro) was tested alone and also in combination with 2-DG. Table 4 
summarizes the results of this study. Treatment was started on the 6th 
day after leukemic inoculation. At this time the disease was systemic 
as indicated by the transplantability of the tumor from the spleen of 
randomly selected mice. The median survival time of the controls was 
10 days. This was increased by 1 day when the mice were put on a 
starvation regimen of 1.5 gm. per day—a 50 percent caloric restriction. 
2-DG in the diet calculated at 4 gm. per kg., 8 gm. per kg., and 12 gm. 
per kg. gave MST of 12, 13, and 11 days respectively.® 


TaBLe 4.—Treatment of L1210 leukemia 


Number of MST 


2-DG 12 gm./kg./day initial, tapered.......... 5 15 12-16 
E39 0.2 ce. of 0.08% + 2-DG 8 gm./kg./day... 7 13 11-16 
2-DG infusion 5 gm./kg./day followed by oral 


*All treatment groups started on day 6. 
tAnimals died tumor-free. 


At the largest dose (12 gm./kg.) the local tumor at the site of leukemic 
inoculation showed complete regression, an occurrence not found in any 
of the other groups. Maximum prolongation of median survival time 
(15 days) was observed in the group started on 12 gm. per kg. therapy 
and then decreased to 4 gm. per. kg. as toxicity developed. E39 gave no 
prolongation of survival time by itself, and when combined with 2-DG 
gave the survival time found with 2-DG alone. In the group given 5 gm. 
per kg. 2-DG by intravenous infusion for 24 hours and then maintained 
on 4 gm. per kg. in the diet, the survival time was identical to the 8 gm. 
per kg. oral dosage, although the latter group received considerably more 
total drug. 


5 The highest dose group (12 gm./kg.) actually took in less drug than the lowest dose group (4 gm./kg.). This 
occurred because the dosages, as indicated, assume constant food intake. Actually food intake in the former 
group diminished sharply. Thus the animals in the lowest dosage group, 4 gm. per kg., averaged 3 gm. feed per 
day for the 6 days of their life and thus the calculated and true 2-DG intake was 4 gm. per kg. body weight per 
day, and 24 gm. per kg. over the total period. At 8 gm. per kg. the average daily intake was 2.2 gm. for 7 days or 
an average dose of 5.5 gm. per kg. with a total of 5.5 gm. per kg. X 7 or 38.5gm. per kg. total; the highest dose group 
averaged only 1 gm. feed per day, thus taking in 4 gm. per kg. X 5 days or 20 gm. per kg. total. 
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In an experiment with the Bashford M63 solid tumor growing in the 
right hind leg, oral 2-DG did not prolong survival time when treatment 
with 4 gm. per kg. per day was started on the 16th day post inoculation. 
All treatment and control animals died in 29 to 34 days. At death the 
tumor weight of the controls averaged 14.5 gm. (range 12.2-18.5 gm.), 
whereas tumors of the treated animals averaged only 1.2 gm. (range 
0.9-1.4). Animals bearing this tumor were quite sensitive to starvation 
effects of a 1 gm. per day diet, and all died in 23 days (8 days after caloric 
restriction was instituted). A comparative weight for the starvation 
group cannot be given because of their early death, but at the time of 
death caliper measurements showed the tumors were intermediate in 
size between the treated and control groups. Histologic study of these 
tumors will be reported (20). 

2-p-Galactose was tried first against an early stage of the S204-1 tumor, 
a Methotrexate-resistant form of L1210. Treatment was initiated at 2 
days after transplantation and given as 5 percent in the diet. The median 
survival time of 10 control mice was 9.5 days (range 9-10 days), that of 
the treated group was 16 days (range 14-17 days). 

When treatment was initiated, late in the course of the disease, against 
the $204-1 variant or against the L1210Z leukemia, increases in survival 
time were less extensive. 

In a comparative study of 2-DG and 2-p-galactose on the S204-1 
tumor, treatment was instituted on the 7th day after inoculation. The 
untreated controls and starvation controls succumbed on day 8. 2-DG 
and 2-p-galactose were administered at concentrations of 2.5, 5, and 10 
percent in the diet. 2-DG gave a 1-day prolongation of median survival 
time at dietary levels of 2% percent and 5 percent, and a 2-day prolonga- 
tion at 10 percent. With 2-p-galactose the only increase in median survival 
time (1 day) was observed at the 2.5 percent dietary level of drug. At 
this very advanced stage of disease the 1- and 2-day prolongation of life- 
span represent a 100 and 200 percent increase in life expectancy as com- 
pared with the controls, although extension of total lifespan was only 12.5 
and 25 percent respectively. 

In late treatment (9th day after tumor inoculation) of the L1210 
subline Z tumor, a 1-day prolongation of MST (from 10 to 11 days) was 
achieved with 5 and 10 percent 2-p-galactose in the diet. Although small, 
the increase in survival time appears to be significant.® 

In another experiment a comparison was made of 5 percent 2-DG and 
5 percent 2-p-galactose administered in the diet in the treatment of 


6 Days to death: Median survival 
9 10 ll 12 time (days) 
3 6 10 
> 2 2 1 ll 


Several tests for statistical significance were performed, an appropriate one being Fisher’s exact test (15). As- 
suming that the distribution of days to death is continuous, the probability that the observed data of 5 percent 
2-p-galactose-treated animals could be the same as the control group is 0.073; for 10 percent 2-p-galactose this prob- 
ability is 0.007. This analysis is given here because the differences between treated and untreated animals are the 
smallest of the experiments reported in this paper. 
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iat @ Died With Tumor 


2-DG 5% Oral 


MEDIAN SURVIVAL TIME (DAYS) 


-2 0 2 a 6 8 0 2 4 16 
DAY OF TREATMENT ONSET AFTER INOCULATION 


Text-FIGURE 3.—Relationship of treatment onset with 2-deoxy-p-glucose and with 
2-deoxy-p-galactose to drug effect on L1210 leukemia. 


leukemia L1210Z. Treatment was initiated at intervals ranging from 2 
days prior to tumor inoculation up to the terminal stage of disease. The 
results are depicted graphically in text-figure 3. Ten control mice with 
large tumors died on days 10 and 11. A calorically restricted group was 
fed 2-gm. Purina feed per day beginning 2 days prior to inoculation (day 
—2), and the mice died on day 12, with local tumors at the site of leukemic 
inoculation. Pretreatment with 2-DG and 2-p-galactose did not increase 
survival time, though the animals died without palpable tumors.’ With 
2-DG, treatments commencing on days 0, 2, and 5 all increased the 
median survival time to 13 days, and the mice died without palpable local 
tumors. In the group in which treatment was initiated on day 0, the 
tumors failed to appear; in the other 2 groups they appeared initially 
and regressed while the mice were under therapy. When treatment with 
2-DG was delayed until 9 days post inoculation, only a 1-day prolongation 
was observed. With 5 percent 2-p-galactose, the only group to achieve 
even a 1-day prolongation of life was that in which treatment was initiated 
on day 0. All the mice treated with 2-p-galactose (except the pretreat- 
ment group) died with palpable tumors. 

Text-figure 4 illustrates the effect of 2-DG on the growth of the J320 
tumor variant of leukemia L1210. In this graph each point represents 
the average diameter (3 mice) of the local tumor growing at the site of 
implantation in the thigh. The treatment group was fed at the 10 per- 
cent 2-DG level in the diet until the animals became toxic. At this 
point a regular diet was substituted for 2 days (days 8-10) to allow re- 
covery, and therapy was reinstituted. The animals were killed on day 15 
of the study (28 days after tumor inoculation), and the tumors excised and 
weighed. Treatment with 2-DG retarded tumor growth. The average 


‘In this portion of the experiment treatment was carried out for 8 to 10 days. Regular diet was reinstituted as 
the animals became toxic. 
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° 5 10 15 20 


DAY OF STUDY ( Beginning |3 days after tumor transplantation ) 


TextT-FIGURE 4.—Effect of oral 2-deoxy-p-glucose on the growth of the J320 tumor. 


weight of the excised tumors was 2.1 gm. for the treated group, as com- 
pared with 7.5 gm. for the controls. Growth studies with the S91 mel- 
anoma were similar and will not be detailed. With the S91 melanoma, 
resumption of tumor growth was noted each time that the drug was dis- 
continued. 2-DG was also tested against the late state of the mast-cell 
tumor. With this tumor, a 12 percent prolongation of median survival 
time was noted with 5 percent 2-DG in the diet. 

Methotrexate has been demonstrated (16, 17, 18) to inhibit glycolysis 
in various tumor systems by interference with glucose phosphorylation 
at the hexokinase locus. It was therefore of interest to test Methotrex- 
ate in combination with 2-DG, which also inhibits the hexokinase reaction. 
The tumor used for this study was L1210Z, which is relatively susceptible 
to treatment with Methotrexate and with which some degree of tumor 
inhibition by 2-DG was obtained. The results of treatment with 3 dif- 
ferent dosages of each drug alone and in combination are given in table 5. 
Methotrexate was administered daily, and 2-DG for 7 or 8 days, followed 
by regular diet. Treatment was started at 8 days after leukemic inocula- 
tion. The median survival time of 20 control mice was 10.5 days (range 
10-11). The maximum median survival time with Methotrexate alone 
was 24 days, obtained with the highest daily dose used (1.5 mg./kg.). At 
1.0 mg. per kg. the median survival time was only 15 days, but this was 
thought to be spuriously low, since there was an experimental range of 
14 to 28 days. All animals treated with Methotrexate alone had pal- 
pable tumors at the time of death. The best effect with 2-DG alone was 
obtained with a 10 percent level of the drug in the diet. A median sur- 
vival time of 15 days was obtained and 3 of 5 animals died devoid of local 
tumors. It can be seen from the table that at doses of Methotrexate 
below optimum, additional prolongation of median survival time could 
be achieved by combination with 2-DG, but that no combination of the 
two drugs gave a significant increase in median survival time over the 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


276 | 
35 
30 
25 
20 
5 


GLUCOSE ANALOGUES AGAINST EXPERIMENTAL TUMORS 277 


maximally effective dose of Methotrexate alone. However, the combi- 
nation of the 2 drugs did appear to enhance the effect on tumor regression 
(table 5). This experiment was repeated with results similar to those 
given here. 


TaBLE 5.—2-Deoxy-p-glucose combination with Methotrexate against late L1210 
leukemia (median survival time—days) 


3 Methotrexate (mg./kg./day) 

a 0 0.66 1.0 1.5 
LS 

»* 0 10. 5* 14 15 24 
of 2.5 12 15 25t 22t 
Qa 5.0 12 21f 19t 
10. 0 15t 17¢ 25t 21f 


*Twenty mice in control group; 5 mice in each experimental group. 
{Died without local tumor. 


DISCUSSION 


Glucose analogues, such as 2-DG and 2-p-galactose, have been found to 
profoundly inhibit glucose metabolism in cancer cells in vivo as well as in 
vitro (1-4, 8). Thus glycolysis of human leukemic leukocytes has been 
inhibited by giving 2-DG in vivo (3). In an attempt to exploit such inter- 
ference with carbohydrate utilization in cancer cells, a variety of trans- 
plantable mouse tumors was treated with 2-DG and 2-p-galactose and 
their responsiveness measured by tumor growth and host survival studies. 
In pharmacological studies evidence was obtained that 2-DG and 2-p- 
galactose are competitive antagonists of glucose in vivo as well as in vitro 
(1). Optimal administration evidently necessitates as near to constant 
drug-intake levels as possible, inasmuch as most effective methods of 
therapy were either constant intravenous infusion or ingestion of drug 
mixed with the diet. Toxic drug effects, such as weight loss, ataxia, 
weakness, an.’ edema, were reversible after cessation of drug by providing 
a positive caloric balance. These findings are similar to those reported by 
Landau and Lubs (19). Permanent pathologic tissue alterations were 
minimal (20). Itshould also be noted that whereas glucose was observed 
to prevent the toxic effects of 2-DG, insulin appeared to enhance toxicity, 
both in the presence and absence of added glucose. A partial explanation 
for this latter phenomenon may be that insulin promotes the disappearance 
of 2-DG from the extracellular space, presumably into the intracellular 
phase, as shown by Landau e¢ al. (21) and Nakada and Wick (22). 

Antitumor studies with these agents included investigation of effects on 7 
transplantable tumors, including carcinomas, a sarcoma, an ascitic mast- 
cell neoplasm, and systemic leukemias. With each form of malignancy, 
evidence of interference with the normal course of the disease was obtained, 
either by impairment of local tumor growth or by prolongation of host 
survival, or both. 
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Retardation of local tumor growth seemed to be more readily demon- 
strable than the prolongation of survival. This, perhaps, is to be expec- 
ted, since any nonspecific toxic effects of the drug on the host may con- 
tribute to the inhibition of tumor growth over and above primary 
inhibition of tumor cells. By the same token, generalized toxic effects 
could contribute towards a shorter survival for the mouse. 

This is the first report of 2-p-galactose as an antitumor agent in the 
mouse. Although the initial studies were encouraging, the drug was 
found to be less effective than 2-DG in comparative trials. However, if 
2-p-galactose should be less toxic in man than 2-DG, this conceivably 
could compensate for its lower potency. 

In the experiments in which 2-DG and Methotrexate, both of which 
are capable of inhibiting the hexokinase reaction, were used in combina- 
tion, over the dose range used, a greater effect was achieved against the 
local tumor by the combination than with either drug alone. In this 
sense the drugs were synergistic. Whether the effect of the combination 
could have been duplicated with higher dosages of the individual drugs 
was not determined. With regard to survival, combinations of subop- 
timal doses of each drug produced additive effects, but no combination 
of the 2 agents gave significant prolongation of survival over the optimal 
dose of Methotrexate alone. 

It should be mentioned that adequate testing of the potentialities of 
these agents in prolonged treatment of transplantable tumors in the mouse 
is limited by technical difficulties of drug administration and of toxicity 
reversal. Large amounts of 2-DG and 2-p-galactose are required to pro- 
duce therapeutic effects, and even larger quantities of glucose are required 
to overcome the toxicity of the antagonists. Furthermore, 2-DG can 
have a prolonged action (3) thus necessitating prolonged administration 
of large amounts of glucose. 

The current observation that 2-DG produced inhibitory effects against 
each of the 7 tumors tested is consistent with previously expressed views 
(8, 23) that simple interference with glucose utilization by the cancer cell 
may be inhibitory to tumor growth. Whether glucose analogues alone or 
together with other drugs which restrain the hexokinase reaction (6, 8, 
24) can be useful in human cancer remains to be determined. 


REFERENCES 


(1) Laszto, J., Lanpav, B., Wicut, K., and Burk, D.: The effect of glucose ana- 
logues on the metabolism of human leukemic cells. J. Nat. Cancer Inst. 21: 
475-483, 1958. 

(2) : Anticancer effects of hexose sugar analogs. (Abstract.) Proc. Am. Assoc. 
Cancer Res. 2: 318, 1958. 

(3) Lanpau, B. R., Laszuo, J., J., and Burk, D.: Certain metabolic and 
pharmacologic effects in cancer patients given infusions of 2-deoxy-p-glucose. 
J. Nat. Cancer Inst. 21: 485-494, 1958. 

(4) Laszxo, J., and Lanpav, B.: Clinical and metabolic effects of 2-deoxy-glucose 
in man. In Seventh International Cancer Congress. London, 1957, p. 361. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


} 


GLUCOSE ANALOGUES AGAINST EXPERIMENTAL TUMORS 279 


amine. Nature, London 171: 252-254, 1953. 

(6) Woops, M., Hunter, J., and Burk, D.: Regulation of glucose utilization in 
tumors by a stress-modified insulin: anti-insulin system. J. Nat. Cancer 
Inst. 16: 351-404, 1955. 

(7) McDonatp, E., and Cramer, F. B.: Cancer research. J. Frank. Inst. 253: 
351-353, 1952. 

(8) Woopwarp, G. E., and Hupson, M. T.: The effect of 2-desoxy-p-glucose on 
glycolysis and respiration of tumor and normal tissues. Cancer Res. 14: 
599-605, 1954. 

(9) Exy, J. O.: 2-Deoxy-p-glucose as an inhibitor of cancerous growth in animals. 
J. Frank. Inst. 258: 157-160, 1954. 

(10) Soxotorr, B., Eppy, W. H., Sartuor, C., and Bracu, J.: Glucose antagonists 
in experimental cancer. AMA Arch. Path. 59: 729-732, 1955. 

(11) Batu, H. A., Wick, A. N., and Sanpers, C.: Influence of glucose antimetabolites 
on the Walker tumor. Cancer Res. 17: 235-239, 1957 

(12) Morre.u, R. M., and Lanpau, B. R.: Effect of 2-deoxy-p-glucose on cerebral 
metabolism in cats. Unpublished data. 

(18) Gotprn, A., and Humpureys, S. R.: Unpublished data. 

(14) Domack, G.: Zur chemotherapie der malignen tumoren mit cytostatica. Mitteil- 
ungsdienst 1: 31-44, 1957. 

(15) Fisuer, R. A.: The logic of inductive inference. J. Roy. Statistical Soc. Vol. 
XCVIII, part I, 48-49, 1935. 

(16) Laszxo, J., J., WicHT, K., and Burk, D.: Effects of chemotherapeutic 
agents on the metabolism of human acute leukemic cells in vitro. Proc. Soc. 
Exper. Biol. & Med. 97: 127-131, 1958. 

(17) Hocusrern, P.: Synergistic effects of 6-mercaptourine and methotrexate on 
anaerobic glycolysis by subcellular fractions of S91 mouse melanoma. (Ab- 
stract.) Proc. Am. Assoc. Cancer Res. 2: 214, 1957. 

(18) Burx, D.: Uber die Begriindung einer Chemotherapie des Krebses auf der 
Grundlage einer primaren Hemmung der Glucosephosphorylierung (Hexo- 
kinase-Reaktion) durch Beeinflussung von Substrat, Coenzym und Enzym. 
Klin. Wehnschr. 35: 1102-1105, 1957. 

(19) Lanpau, B. R., and Luss, H. A.: Animal responses to 2-deoxy-p-glucose adminis- 
tration. Proc. Soc. Exper. Biol. & Med. 99: 124-127, 1958. 

(20) Laszio, J., and Epecoms, J.: Histopathology of glucose analogue toxicity in 
mice. Unpublished data. 

(21) Lanpau, B. R., Surp, A. G., and Levine, H. J.: Action of insulin on distribution 
of glucose analogs in eviscerated-nephrectomized dogs. Am. J. Physiol. 193: 
461-465, 1958. 

(22) Naxapa, H.I., and Wick, A. N.: The effect of 2-deoxy-glucose on the metabolism 
of glucose, fructose, and galactose by rat diaphragm. J. Biol. Chem. 222: 
671-676, 1956. 

(23) Burk, D., Laszio, J., Wicut, K., and Woops, M.: The metabolic basis for 
cancer chemotherapy. (Abstract.) Proc. 7th Int. Cancer Cong., London, 
July 1958. 

(24) Woops, M. W., and Hunter, J. C.: Metabolic and growth responses of mouse 
melanomas, Krebs-2 carcinoma, and brain relative to stress, and insulin : 
anti-insulin hormones. Jn Pigment Cell Biology. New York, Academic 

Press, Inc. In press. 


VOL. 24, NO. 2, FEBRUARY 1960 


(6) QuasteL, J. H., and Cantero, A.: An inhibition of tumour growth by pD-glucos- 


‘ 
is a 
de 
4 
> 
‘ 


. 
| 
2 
4 


ae 
The 
& 
at 
3 
~ 
5 
> 
PLATES 
ay 


LASZLO, HUMPHREYS, AND GOLDIN 


14 


Ficure 1.—Method for intravenous infusion. A 23-gauge needle connected to a 


polyethylene tube is inserted into a lateral tail vein. The syringe is attached to a 
constant infusion pump. 
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ABRAHAM GOLDIN and STEWART R. HUM- 


Studies of Immunity in Mice Surviving Sys- 
temic Leukemia L1210' 


PHREYS,? Laboratory of Chemical Pharmacology, 


SUMMARY 


The current studies conducted in first 
generation (BALB/cAn X DBA/2J)F; 
hybrid male mice show that mice sur- 
viving systemic leukemia L1210 as the 
result of treatment with the halo- 
genated derivatives of amethopterin, 
3/,5’-dichloroamethopterin and 3/- 
bromo-5’-chloroamethopterin, may be- 
come immune to reinoculation of the 
leukemia. This phenomenon could not 
be attributed to any persistence of the 
halogenated derivatives of amethop- 
terin in the host. Many of the long- 
term survivors of systemic leukemia 
appeared markedly immune to reinocu- 
lation, the reinoculum showing no 
evidence of growth. Other surviving 
mice showed partial immunity, the 
reinoculum growing slowly and killing 
the mice considerably later than is 
ordinarily observed with this leukemia. 
For the partially immune mice a posi- 
tive correlation was observed between 
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PREVIOUS STUDIES demonstrated that the halogenated derivatives 


the size of the local tumor prior to 
death and the time of death. Evi- 
dence was obtained that the slow 
growth of the tumor in a partially im- 
mune mouse did not persist on transfer. 
The immune state may persist and was 
demonstrable on repeated reinocula- 
tion of the leukemia. Such immune 
mice appeared to be free of leukemic 
cells. The appearance of immunity was 
less readily demonstrable on successful 
treatment initiated early, when the 
disease is relatively localized. Transfer 
of blood or spleen of DBA/2J mice to 
the hybrids failed to elicit an immune 
response against the leukemia. BALB/ 
cAn mice were also found to be immune 
to leukemia 11210 after spontaneous 
regression of the tumor. Immunologi- 
cal phenomena in chemotherapy 
studies of the host-tumor relationship 
are discussed.—J. Nat. Cancer Inst. 24: 
283-300, 1960. 


of amethopterin, 3’,5’-dichloroamethopterin and 3’-bromo-5’-chloro- 
amethopterin, were capable of extensively prolonging the survival of 


mice with advanced leukemia L1210 (1-3). 


Even when treatment was 


initiated only several days prior to the death of control mice, survival for 
the full period of treatment (90 days) and beyond was not uncommon, and 


some of the mice lived for an indefinite period (3). 


Preliminary studies 


indicated that the mice surviving systemic leukemia, as a result of 


! Received for publication May 22, 1959. 


2 With the technical assistance of Gerald O. Chapman and Gerome McDowell. 
3 National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare, 
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therapy with the halogenated derivatives of amethopterin, may be 
refractory to reinoculation of leukemic cells (3). 

Several considerations indicated the desirability of further investiga- 
tion of this phenomenon: (a) In earlier studies treatment with amethop- 
terin was initiated several days after leukemic inoculation, at a time 
when the disease was essentially localized at the site of inoculation. 
Under such circumstances, with appropriate schedules of treatment, an 
appreciable number of “no takes” was obtained, even when the inoculum 
level was considerably higher than that required to give 100 percent 
takes in untreated controls (4, 5). Such “no takes” of early leukemia 
showed little or no evidence of resistance to successful reinoculation of 
the leukemia (4). (6) Survivors of an inoculation of a serial dilution of 
leukemic cells invariably showed progressive tumor growth and death on 
reinoculation of a higher dose of leukemic cells (6). (c) In the first- 
generation hybrids (BALB/cAn & DBA/2J)F; used in studies with this 
leukemia, over a period of years, spontaneous regression has not been 
observed. It was in this hybrid that the long-term survivors 
were obtained after treatment with the dihalogenated derivatives of 
amethopterin. 

With the dihalogenated derivatives of amethopterin, and with this - 
acute leukemia, the appropriate material appeared to be available for 
study of the possible role of immunological phenomena in chemotherapy. 
A more detailed study was therefore undertaken on the refractory response 
to leukemic growth after successful treatment of mice with leukemia 
L1210. 


METHODS 


The methods employed in the assay systems with early and advanced 
leukemia, from which long-term survivors were obtained, have been 
described elsewhere (3-5, 7-9). The lymphoid leukemia (L1210) was 
carried in DBA/2J male mice or, when indicated, in (BALB/cAn xX 
DBA/2J)F,;* hybrid male mice. It was transplanted into hybrid male 
mice for treatment with amethopterin or the halogenated derivatives of 
amethopterin (3). A leukemic-cell suspension prepared from spleen 
mash was inoculated subcutaneously in the right hind leg. Each mouse 
received 0.1 ml. of leukemic-cell suspension containing 500,000 to 
1,000,000 cells. This level of inoculum was 10 to 100 times greater than 
that required to give 100 percent takes in controls. Treatment of ad- 
vanced leukemia was initiated when the local tumor at the site of leukemic 
inoculation was 8 to 12 mm. in diameter. This was usually 7 to 9 days 
after leukemic inoculation and 2 to 3 days prior to the median time of 
death of untreated controls. At this time the disease is readily trans- 
plantable from blood or spleen. When early leukemia was treated, 
drug administration was initiated 2 to 3 days after leukemic inoculation. 


‘ Referred to commonly as CDBA. 
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The details of the experiments involving investigation of the immune 
response are given with the individual experiments. Reinoculations 
were conducted with the L1210Z sensitive leukemia carried in DBA/2J 
mice. Reinoculation in the right inguinal area was subcutaneous except 
when otherwise indicated. Tumor diameters are taken as the average 
of two dimensions. 


RESULTS 


Extensive Survival Time of Mice With Systemic Leukemia 


The data are summarized in tables 1 through 6 and text-figures 1 and 2. 
Table 1 shows the history of the mice in an experiment (J330, 3) in which 
extensive survival time of mice with systemic leukemia was obtained by 
treatment with 3’,5’-dichloroamethopterin and 3’-bromo-5’-chloroame- 
thopterin. The individual daily dose levels of 3’,5’-dichloroamethopterin 
and 3’-bromo-5’-chloroamethopterin are listed. After leukemic inocula- 
tion, treatment was from day 7 to day 90. There were 10 animals at 
each dose level, with the exception of the doses of 52 and 102 mg. per 
kg. of 3’,5’-dichloroamethopterin, when there were 20 mice at each level. 
Listed are the median survival times at each dose level, the number of 
survivors at 90 days, and the number of survivors at 160 days after 
leukemic inoculation, which was 70 days after treatment was discontin- 
ued. On day 160 there were 26 survivors of the original 150 mice, with 
a series of doses ranging from 14 to 200 mg. per kg. of 3’,5’-dichloroame- 
thopterin. There were 19 of 130 mice alive with a dose range of 14 to 
200 mg. per kg. for 3’-bromo-5’-chloroamethopterin. Of 80 mice at 
8 dose levels ranging from 0.48 to 2.30 mg. per kg. daily, there were no 
90-day survivors for amethopterin. In this experiment, other survivors 
at day 160 included: 10 normal nonleukemic mice; 2 mice that had sur- 
vived inoculation of 1/1000 of the experimental inoculum without ever 
having shown any evidence of tumor; 27 mice that had survived injec- 
tion of tail blood taken from mice treated with 102 mg. per kg. and 
52 mg. per kg. of 3’,5’-dichloroamethopterin at days 41 and 91 after 
leukemic inoculation. 


Reinoculation of Mice Surviving Systemic Leukemia 


On day 160 all these mice were reinoculated with a heavy suspension 
of cells of leukemic (L1210) spleen (ca. 500,000 cells per mouse) to de- 
termine whether or not the leukemia would grow. At the same time mice 
were inoculated with a serial dilution of the experimental inoculum. This 
titration showed that the experimental inoculum was approximately 100 
times greater than that required to give 100 percent takes in controls. 

The results of this reinoculation experiment are shown in text-figure 1 
and table 1. The 160-day survivors of mice previously treated with 


5 Although this is the area of the original inoculation of leukemic cells, in these and other studies (6, 10), the 
immune response did not appear to be dependent on the site of inoculation. 
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3’,5’-dichloroamethopterin and 3/’-bromo-5’-chloroamethopterin were 
quite resistant to reinoculation of the leukemia. The reinoculum grew 
slowly or not at all. 

Nine of the twenty-six 160-day survivors for 3’,5’-dichloroamethopterin 
succumbed to reinoculation, while the remaining 17 were still alive and 
apparently tumor-free at 57 days after reinoculation. None of these 17 
survivors showed any evidence of palpable tumor after reinoculation. 
The mouse that died at 10 days after reinoculation developed a tumor in 
the left axillary region, rather than at the site of implant. 

Of the 19 animals that had survived for 160 days after treatment with 
3’-bromo-5’-chloroamethopterin, 8 succumbed after reinoculation of the 
leukemia. Two additional mice in apparently terminal condition were 
killed. One of the mice was killed at 24 days after leukemic reinoculation; 
it had lost a considerable amount of weight, and had no evidence of local 
tumor. On autopsy it showed an enlarged spleen and internal evidence 
oftumor. The second mouse was killed on the 32d day after reinoculation, 
for use in experiment C66 (table 3), and had a large local tumor at that 
time. The mouse that succumbed at 3 days after leukemic reinoculation 
had shown considerable weight loss and hind-leg paralysis at day 160, so 
that it apparently died of the original inoculum. Nine mice were alive 
and were evidently free of tumor at 57 days after reinoculation of leukemic 
cells. Thus in a high percentage of the mice the reimplant of leukemic 


RESISTANCE TO REINOCULATION WITH LEUKEMIC CELLS 
OF MICE SURVIVING SYSTEMIC LEUKEMIA 


(160 DAY SURVIVORS FOLLOWING TREATMENT WITH HALOGENATED 
DERIVATIVES OF AMETHOPTERIN) 


ieee SECOND INOCULATION OF 26 SURVIVORS 
PREVIOUSLY TREATED WITH DCM 


= 

5S sot | SECOND INOCULATION OF 19 SURVI- 

S 1 VORS PREVIOUSLY TREATED WITH BCM a 

1 

40r CONTROLS 

a] : FIRST INOCULATION OF 10 PREVIOUSLY 

30) UNTREATED MICE 


° 10 20 30 40 50 60 


DAYS FOLLOWING LEUKEMIC INOCULATION 


Text-ricuRE 1.—Resistance to reinoculation with leukemic cells of mice surviving 
systemic leukemia (L1210); 160-day survivors, CDBA male mice (expt. 330, see 
table 1) after treatment with halogenated derivatives of amethopterin were rein- 
oculated with the leukemia. 
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cells did not take at all, and when it did take, the mice lived for a con- 
siderable period. 

In contrast, the control mice of the same age as the experimentals 
that received their first inoculation of leukemic cells died in a short time. 
The first mice in this group died on the 10th day after inoculation of 
leukemic cells, and the last mouse succumbed by the 14th day. The 
29 additional survivors, including those that had survived a low leukemic 
inoculum and those that had failed to develop leukemia after an injection 
of blood of drug-treated leukemic mice, all succumbed between the 10th 
and 16th days after leukemic inoculation. 


Treatment With the Drug Itself Did Not Make the Mice Refractory 
to Leukemic Growth 


An experiment was conducted to determine whether extensive treat- 
ment with a halogenated derivative of amethopterin per se could make 
the mice refractory to leukemic inoculation (table 2, expt. C53). This 
control was considered to be of particular importance because of reports 
that low levels of administered antifolic drugs may be detected in the 
host for an extended period (11, 12). Nonleukemic mice were treated 
with 75 mg. per kg. of 3’,5’-dichloroamethopterin daily for 90 days. Five 
of the mice were inoculated with leukemic cells at 21 days after termination 
of treatment, and 4 additional mice were inoculated at 56 days after 
treatment. The animals succumbed early (11-12 days), with small 
tumors at the site of leukemic inoculation (9-12 mm. in diameter). 


TaBLe 2.—To determine whether prior treatment with DCM will make nonleukemic 
mice refractory to leukemic implant* 


Maximum 

tumor di- 
Treatment Inoculated Survival time ameter 
(days) L1210 (day) (days) (mm.) 


1. 75 ~ 7 kg. 0-90 111 11, 11, 11, 12, 12 10-12 
DC 


2. 75 mg. a kg. 0-90 146 1. 34, 83, 12 9-10 
DCN 


la. Control 111 9-12 
2a. Control —- 146 13, 14, 14 10-12 


*Experiment C53; CDBA mice. 


Tumor Growth in Partially Immune Mice 


The relationship between the maximum tumor size achieved and the 
day of death for both control mice inoculated for the first time with leu- 
kemia and partially immune mice in which the reinoculum grew progres- 
sively, resulting in eventual death, is shown in text-figure 2. The data 
for untreated control mice and survivors of systemic leukemia are from 
three experiments, J330 (table 1), J325 (3), and S207 (10). 3’-Bromo- 
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5’-chloroamethopterin had been used in experiment J325 and 3’,5’-di- 
chloroamethopterin in experiment S207. Both halogenated derivatives 
were used in experiment J330. Text-figure 2 shows a positive correlation 
between the tumor size attained prior to death and the day of death; 
the later the mouse died, the larger the local tumor at the site of leukemic 
inoculation. The partially immune mice died later and with larger 
tumors at the site of leukemic inoculation than the control mice. These 
observations suggest that, in these partially immune mice, the immune 
mechanism is of such nature that it effectively retards the invasiveness 
of the leukemic cells. This would in turn delay death, thereby permit- 
ting the attainment of large local tumors at the site of leukemic inocula- 
tion. 


TUMOR SIZE ATTAINED IN MICE PARTIALLY RESISTANT TO 
REINOCULATION OF LEUKEMIA LI2I0 


© SECOND INOCULATION OF 14 SURVIVORS OF SYSTEMIC LEUKEMIA 
PREVIOUSLY TREATED WITH DCM OR BCM (160-207 DAY SURVIVORS). 


CONTROLS-FIRST INOCULATION OF 23 PREVIOUSLY 
UNTREATED MICE. 


w 
° 
J 


T 


T 


° 
T 


MAXIMUM TUMOR SIZE PRIOR TO DEATH, mm 


° 10 20 30 40 50 


DAY OF DEATH 


TEXT-FIGURE 2.—Tumor size attained in mice partially resistant to reinoculation of 
leukemia L1210. The reinoculated survivors are from experiments J330, J325, 
and $207. In the latter two experiments the leukemic inoculum was the L1210- 

BB subline carried in the hybrid CDBA male mice (3). 


Persistence of Immunity 


The immune state apparently may persist for a considerable period of 
time. In the three experiments cited, where evidence of immunity was 
obtained (expts. J330, J325, and S207), reinoculation of the leukemic 
cells had been withheld for 70, 114, and 117 days, respectively, after the 
last treatment with the drug. 

When tested, the mice were refractory to repeated reinoculation of 
leukemic cells. One mouse from experiment J325 (3) was resistant to 
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4 reinoculations of leukemic cells. The mouse had been treated initially 
with 77.2 mg. per kg. of 3’-bromo-5’-chloroamethopterin from day 8 to 
day 90. It was in healthy condition and showed no evidence of tumor 
on day 204. It was reinoculated at that time with a heavy inoculum and 
the reinoculum did not take. It was reinoculated again on days 234, 
265, and 282. The leukemic cells in the third reinoculation had been 
introduced intraperitoneally. As of day 406 ° it is apparently still tumor- 
free and in healthy condition. 

Two other mice had been treated with 46.3 mg. per kg. of 3’-bromo- 
5’-chloroamethopterin from day 8 to day 90. They were alive on day 
204, when they were reinoculated. They were reinoculated for a second 
time on day 234. One of the mice succumbed on day 256, with a tumor 
in the abdominal area. This growth may have resulted from the initial 
inoculum since it did not appear at the site of reinoculation. The second 
mouse was alive on day 265 (31 days after the second reinoculation), and 
showed no evidence of tumor when killed. 


Are Immune Mice Free of Leukemic Cells? 


The extensive survival of mice with systemic leukemia per se suggests 
that the disease may have been eradicated. However, the possibility 
exists that, despite their extensive survival, tumor cells may be sequestered 
in the host. Some evidence has been obtained that the long-term immune 
survivors may be free of the initial systemic leukemia and also of any 
reimplant of leukemic cells. One of the mice indicated in experiment J325, 
when treated with 3’-bromo-5’-chloroamethopterin, had survived ad- 
vanced leukemia and two reinoculations of leukemic cells. It was killed 
with no evidence of tumor at 265 days after the initial inoculation of 
leukemic cells. One-tenth ml. of a blood suspension (1 ml. whole blood -+ 
3 ml. saline) and 0.1 ml. of a spleen suspension (spleen + 5 ml. saline) of 
this mouse were each implanted intraperitoneally into 12 normal mice. 
The recipient mice showed no evidence of tumor growth and none died 
during 60 days of' observation, which indicates that the original immune 
mouse was free not only of the original leukemia L1210 but also of the 
two reimplants of leukemic cells. In another experiment R, (13), a mouse 
with advanced leukemia was treated with 75 mg. per kg. dichloroamethop- 
terin from day 8 through day 31. It was killed on day 31, when it showed 
no evidence of leukemia, and its spleen was transferred into 2 mice. They 
showed no evidence of tumor at 90 days after implantation of the spleen. 

Also, transfer of tail blood on day 41 and day 91 from leukemic mice 
treated with 102 and 52 mg. per kg. of 3’,5’-dichloroamethopterin daily 
failed to transmit the disease to normal mice (table 1). However, many 
of the original mice receiving the drug eventually died with evidence of 
leukemia, indicating that in these cases there was peripheral blood remis- 
sion, but that the disease had not been wholly eradicated. 


6 This mouse was mated successfully with a DBA female after the fourth reinoculation of leukemic cells. 
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Passage of Tumor Through a Partially Immune Mouse 


It was of interest to determine whether the immunity of the host could 
be transferred to the tumor. Would a tumor growing progressively and 
attaining a large size prior to death in a partially immune mouse (text- 
fig. 2) behave in a similar manner on transfer? The results of two pertinent 
experiments are summarized in table 3 (expts. S251 and C66). In experi- 
ment S251 the mouse that was killed had the following history: It came 
from a group in experiment S207 (10) treated with 75 mg. per kg. of 
dichloroamethopterin from day 7 to day 90. It was alive and apparently 
free of tumor on day 207, and was reinoculated at that time. It was killed 
on day 227 (20 days after reinoculation) when it had a local tumor 15 mm. 
in diameter. The spleen was enlarged. Serial dilutions of solid tumor 
and spleen were transferred from this mouse to normal mice. 

The mice inoculated with spleen died several days later than when 
tumor was inoculated, but in both instances, even at high dilutions, death 
occurred relatively early (range 10-17 days). None of the animals suc- 
cumbed with large tumors at the site of leukemic inoculation. 

This experiment also provides evidence that systemic leukemia may be 
present in a partially immune mouse. Whether the leukemic cells in the 
spleen were from the initial inoculum or from the reinoculum is not clear. 
In either case, it is suggested that there is retardation of leukemic infiltra- 
tion in the partially immune mouse: First, the animal had survived 
systemic leukemia. Second, the animal was killed 20 days after reinocu- 
lation, at which time mice inoculated with the sensitive leukemia are 
ordinarily dead. Diminished invasiveness is also suggested by the slower 
growth of spleen mash taken from the partially immune mouse, as com- 
pared with that of a mash from the local tumor. 

The second experiment showed a similar result (table 3, expt. C66). 
The original mouse from experiment J330 had been treated from day 7 to 
90 with 52 mg. per kg. of 3’-bromo-5’-chloroamethopterin. It was re- 
inoculated on day 160 and by day 193 had a local tumor 21 mm. in diam- 
eter. Transplantation of the tumor into the CDBA hybrids resulted in 
early death, with small local tumors at the site of inoculation. Trans- 
plantation of blood and spleen killed somewhat later. One animal re- 
ceiving a spleen implant died after 22 days. In all cases, the animals 
died with small local tumors. The later appearance of tumor on trans- 
plant of spleen and blood suggests, as in experiment S251, that metastasis 
in the partially immune mouse may not be as early or extensive as with 
the sensitive tumor. The leukemia showed some growth in BALB/cAn 
and C57BL mice, indicating that there was no alteration of strain specificity 
as compared with the sensitive line of L1210. 

Thus in these experiments (S251 and C66) the tumor, although it had 
been passed through a partially immune mouse in which it grew slowly 
and formed a large local tumor, did not behave in the same manner on 
further transplant. There was some evidence that in the partially im- 
mune mouse the spleen did not become infiltrated as rapidly as is usually 
observed with nonimmune leukemic mice. 
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Specificity 


Since leukemia L1210 came originally from a DBA/2 mouse (14), an 
experiment was conducted to determine whether prior inoculation of DBA 
blood or spleen into the hybrid (BALB/cAn « DBA/2J)F, mice would 
make the hybrid mice immune to implantation of the leukemic cells 
(table 4). Other combinations included prior inoculation of hybrid blood 
and spleen into hybrids; hybrid blood and spleen into DBA; DBA blood 
and spleen into DBA. Leukemia L1210 was inoculated after 2 weeks. 
Although one pretreated hybrid mouse lived to the 14th day after leu- 
kemic inoculation, there was no definite evidence that prior inoculation 
of blood or spleen conferred immunity to leukemic growth. The range 
of survival time for all groups was 9 to 14 days. The animals all suc- 
cumbed with small local tumors at the site of leukemic inoculation. 


TaBLe 4.—Attempt to produce immunity to L1210 by prior transplantation of blood 
and spleen* 


L1210 inoculated after 2 weeks 


Median 

survival 
Range 
(days) 


Blood—CDBA 
Spleen—CDBA 
Blood—CDBA 


Spleen—CDBA 
CDBA 
Blood—DBA 
Spleen—DBA 
Blood—DBA 
Spleen—DBA 
DBA 


*Experiment C72: Blood, 0.4 ml. per mouse; spleen, whole spleen per mouse; 10 mice per group. 


Extent of Disease Required to Permit Immunity 


Whether it is necessary to successfully treat mice that have systemic 
leukemia to make the mice immune or whether it is sufficient to eradicate 
the localized disease when treatment is started early is of interest. 

In a previous study (4) treatment with amethopterin, with and without 
delayed administration of citrovorum factor, had been initiated 2 days 
after inoculation of the leukemia. At this time the disease is localized 
essentially at the site of inoculation (8). Of 14 survivors at 143 days after 
tumor implantation, 12 succumbed to reinoculation in 11 to 14 days. 
One mouse succumbed in 23 days, while 1 mouse was refractory to re- 
inoculation. 

In experiment C45 (table 5) there were 6 survivors resulting from 
treatment with amethopterin initiated 2 days after leukemic inoculation. 
Five of the mice succumbed to reinoculation in 9 to 15 days. The 6th 
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mouse died in 20 days. Two of the mice succumbed with large local 
tumors. 

In another experiment (table 5, expt. C58) treatment with amethopterin 
and with 3’,5’-dichloroamethopterin had been initiated 3 days after 
leukemic inoculation. In this experiment treatment with amethopterin 
was not capable of producing long-term survivors. There were, however, 
21 survivors resulting from treatment with 3’,5’-dichloroamethopterin. 
These mice showed marked resistance to reinoculation of the leukemia. 
Four of the 21 reinoculated animals died early (days 10-11). Six mice 
showed a longer survival (days 19-47), 2 of them succumbing with large 
local tumors. The remaining 11 mice showed no evidence of tumor after 
60 days. 

Apparently, elicitation of the immune response is not contingent on 
deferring treatment until death is imminent. The data do suggest the 
likelihood, however, that the disease must be sufficiently far advanced, 
possibly systemic, for successful therapy to render the mice immune to 
reinoculation. Whether there would have been failure of elicitation of 
immune response with 3’,5’-dichloroamethopterin, as with amethopterin, 
when treatment was initiated shortly after implantation, remains to be 
determined. 


Immune Response in Out-of-Strain Mice 


With this leukemia it is possible to elicit an immune response in a 
homologous host without drug therapy. The results of such an experi- 
ment conducted with BALB/cAn mice are summarized in table 6. Inocu- 
lation of a massive dose of leukemic cells resulted in progressive tumor 
growth and death in 4 of 10 mice. In the remaining 6 mice the leukemia 
grew and then regressed.’ On reinoculation of the 6 survivors the leu- 
kemia failed to grow. Similar results have been obtained when the 
leukemia was inoculated into C57BL mice. 


TaBLe 6,—Resistance to multiple inoculation of L1210 in BALB/cAn mice 


1st Implant (day 0)* 2d Implant (day 38)* 
Maximum Maximum 
tumor Survivors tumor Survivors 
diameter diameter 
average Total average Total 
(mm. (day 38) (mm. (day 60) 
BALB/cAn 12.1 6/10 0 6/6 
CDBAt 12. 5 0/10 
Ist Implant (day 38) 
BALB/cAn 10.5 9/10 
CDBAt 12 0/9 


*Trocar implant ca. 25 mg. 
}(BALB/cAn X DBA/2J)F;. 


7 Evidence is available that the disease may be temporarily systemic during the period of growth of the tumor 
in these mice (13). 
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DISCUSSION 


Studies of immunity in the cancer field have been amply reviewed 
(15, 16), and no attempt will be made to do so here. However, several 
references are cited indicating the importance of immunological phenom- 
ena in influencing tumor growth (17-21). 

The current study shows that mice surviving systemic leukemia as a 
result of treatment with the halogenated derivatives of amethopterin may 
be refractory to reinoculation of the leukemic cells, confirming preliminary 
findings (3). Treatment was successful and the subsequent immune 
response demonstrable when treatment with the halogenated derivatives 
of amethopterin was withheld until several days prior to the time of 
death of untreated leukemic controls. Evidence was obtained that it is 
not necessary to delay treatment until death is imminent to render the 
mice immune. The refractory response was observed when treatment 
was instituted earlier in the course of the disease, in an experiment where 
the disease was apparently sufficiently far advanced so that ‘‘no takes” 
could be achieved with 3’,5’-dichloroamethopterin, but not with ame- 
thopterin. However, when treatment was initiated so early after leukemic 
inoculation that amethopterin was capable of achieving no takes, the 
mice were not immune to reinoculation of the leukemia. The data thus 
suggest that the disease must be sufficiently far advanced, possibly 
systemic, for eradication of the disease to be accompanied by the appear- 
ance of an immune state. The relationship between the extent of disease 
and the ability of chemotherapeutic agents to elicit immune response 
awaits detailed investigation. The acquired immunity is apparently 
long-lasting and is evident on multiple reinoculation. 

Preliminary attempts to transfer the immunity to other hosts have 
been unsuccessful. Also, the slow growth of the leukemia in a partially 
immune mouse was not heritable, as evidenced by rapid growth of the 
leukemia on transfer. 

Previous studies in this laboratory have emphasized the importance of 
the interrelationships of the host, tumor, and drug in antineoplastic 
chemotherapy (7, 9, 22, 23). The current study raises questions pertain- 
ing to immune mechanisms influencing the host-tumor relationship in 
chemotherapy. To what extent is the antileukemic action of the folic 
acid antagonists attributable to antimetabolite action, either directly on 
the tumor or mediated through the host, and to what extent are their 
effects mediated through the elicitation of immune responses influencing 
host-tumor compatability relationships? That the successfully treated 
leukemic mice show evidence of immunity would suggest that at least 
part of the curative action of the halogenated derivatives of amethopterin 
results from the drug so influencing the host-tumor relationship that the 
mice develop immunity to the disease. The immune state in turn may 
help to eradicate the disease. If this is true, what are the detailed mecha- 
nisms, and can advantage be taken of this in therapy? Preliminary studies 
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have indicated that the immune mice are cross-immune to a variant of 
leukemia L1210 resistant to antifolic therapy (6). 

It is of interest, in this connection, that treatment with the antifolic 
amethopterin permitted the elicitation of an immune response to an 
infectious agent associated with transplantable leukemia. Humphreys 
et al. (24) demonstrated that the so-called dependent subline of L1210 
(AmD) was actually a resistant variant of L1210 which had an infectious 
agent, the lymphocytic choriomeningitis virus (25), associated with it. 
When the leukemia and infectious agent were dissociated, it was observed 
that the leukemia remained resistant to amethopterin, but showed no 
evidence of dependence. The infectious agent exerted antitumor activity 
and toxicity for the host, both of which could be suppressed by amethop- 
terin. Evidence was obtained that on successful suppression of the in- 
fectious agent by amethopterin the host became immune to the infectious 
agent. This immunity was demonstrable for the infectious agent alone 
or in association with the leukemia. 

It should be pointed out that the current experiments were. conducted 
in the first-generation hybrid males of a cross of DBA/2J male and 
BALB/cAn female, DBA/2 being the strain of origin. Although these 
strains have corresponding alleles (H-2*) and antigenic components at 
the histocompatability-2 locus (26), undoubtedly there are differences in 
other histocompatability loci (27). That the BALB/cAn do possess 
histocompatability differences is evidenced by the failure of progressive 
growth of leukemic inoculum in a high percentage of the animals, and 
by the immune response elicited by a second inoculation after spontaneous 
regression of a primary leukemic inoculum, 

To what extent the differences in the two genomes entering the hybrid 
may contribute to the immune response is not clear. It has been demon- 
strated that an adaptive modification may occur in a single passage of 
tumor through a first-generation hybrid. The tumor may be so altered 
that on grafting into resistant back-cross mice it may grow in a large 
number of the mice (28). Although it is well known that transplantable 
tumors arising in inbred strains will grow in the F, hybrid (29), evidence 
has been presented that F, hybrids are less compatible with tumor grafts 
than the parental strain in which the tumor originated (30). Tumor 
of a parental strain may grow more slowly in hybrids, or it may take more 
tumor cells to kill. However, these observations could not be attributed 
to an immune phenomenon (30). In contrast to the F; hybrid, decreased 
tumor growth could be domonstrated readily by immunization of coiso- 
genic strains differing in single histocompatability loci (30, 31). Also 
indicative of immunogenetic histocompatability of DBA/2J and the F, 
hybrids is the observation that transplantation of spleen or blood of DBA 
mice into the hybrids failed to retard subsequent leukemic inoculation. 

Preliminary attempts to cure DBA/2J mice of advanced leukemia 
L1210 have thus far failed. This, however, may be attributable to factors 
other than a closer immunogenetic relationship of tumor and host in the 
parental DBA/2J strain as opposed to the first-generation hybrid. There 
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is the indication that DBA/2J mice do not tolerate as much of the drug as 
the hybrids, so that drug toxicity interferes with protracted treatment. 
However, studies are in progress to determine whether cures may be 
obtained when treatment is started somewhat earlier in the course of the 
disease. 

Even if an immune state should be elicited in the DBA/2J mice, the 
question of immunogenetic differences between host and tumor would still 
remain open, since the L1210 originally induced by local application of 
methylcholanthrene (14) has been carried now for over 10 years. 

Nevertheless, several investigators have shown that methylcholan- 
threne-induced tumors possessed isologous antigenicity, producing im- 
munity in the inbred strain in which they originated (82-34). Isologous 
immunity was not produced by spontaneous tumors (32, 34). The ques- 
tion still remains open as to whether a chemotherapeutic agent of itself 
may so selectively alter an isologous tumor that it becomes antigenically 
different from the host. Attenuation of tumor grafts by X irradiation 
rendered mice and rats immune to reinoculation of the tumor (35, 36). 
Further information on this subject should be forthcoming with the ad- 
vent of more successful therapy of more recently arisen transplantable 
tumors and of spontaneous tumors (37). 

The longer survival and the attainment of a large local tumor at the 
site of leukemic inoculation in the partially immune mice are of particular 
interest. Three situations are now at hand in which extended survival, 
with large local tumors, has been observed with leukemia L1210: (a) in 
the partially immune mice as observed here, (6) in leukemic mice treated 
with doses of drug sufficient to extend their survival, but not sufficient 
to prevent progressive growth of the local tumor (3), and (c) with the 
“slow-growing” leukemic variants of L1210 recovered from mice treated 
for an extensive period with the halogenated derivatives of amethopterin 
(10). In the first two cases the slow growth is transient, the tumor 
regaining its acute character on retransplant. In the latter case, with 
the leukemic cell variants, the slow growth is heritable. In all three 
cases, the increased survival may be attributable to inhibition of the sys- 
temic leukemia. This is under further investigation. In other instances, 
on prolonged treatment with halogenated derivatives of amethopterin, 
the local tumor at the site of leukemic inoculation has been observed 
to regress completely while the disease continued to progress systemically 
(3, 10). These observations suggest that attention be focused on the 
action of drugs and combinations of drugs on differing manifestations 
of tumor growth, including extent of metastasis and aggregate formation 
(38). This point of view has been expressed recently in tissue-culture 
studies on tumor cell aggregate replication (39) and may have consider- 
able bearing on antineoplastic screening and chemotherapy. 

By and large, the halogenated derivatives of amethopterin, capable of 
producing extensive survival and cures of systemic leukemia L1210 in 
mice, have made available additional means for study of the host-tumor 
relationship in chemotherapy. 
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SUMMARY 


A preparation containing ribonucleic 
acid extracted from human leukemic 
lymph nodes by the phenol method in- 
duced abdominal tumors that were rec- 
ognized 21 days after an intraperitoneal 
injection into 3 newborn Swiss mice. 
These tumors appeared at the site of 
inoculation and grew very rapidly. All 
of them had the same histological pat- 
tern, that of an anaplastic and invasive 
malignant growth from the peritoneal 
serosa. They were named FLS tumors, 
and were readily transferred as solid 
grafts and in ascites form to adult mice 
of different strains. With the use of the 
initial extraction method and experi- 
mental procedure, further attempts to 
induce early developing tumors have 
been unsuccessful, after observation 
delays from 4 to 6 months only. Modi- 
fied methods permitted the observation 


Paris, France 


of new and anaplastic and malignant 
tumors in newborn and young adult 
mice of 3 different strains inoculated 
with extracts containing ribonucleic 
acid from FLS and Ehrlich ascites 
tumors. The mean survival time after 
inoculation was only 28 days. The 
results in groups inoculated with ex- 
tracts pretreated by deoxyribonuclease 
or ribonuclease make inductive action 
of contaminant traces of deoxyribonu- 
cleic acid most unlikely. They do not 
permit, at present, an unequivocal 
conclusion in favor of an exclusive role 
of ribonucleic acid. Attempts to dem- 
onstrate the presence of oncogenic 
viruses in human and in animal tumors 
tested in these experiments have been 
unsuccessful. The significance of these 
findings is briefly discussed.—J. Nat. 
Cancer Inst. 24: 301-327, 1960. 


TRANSFER OF genetic properties between bacterial cells by means of 
deoxyribonucleic acid (DNA) preparations has been known for a long 
time (1). More recently it has been shown, with certain viruses, 
that ribonucleic acid (RNA), extracted either from the virus itself 
or from some other constituent of infected cells, can endow further 
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cells with the ability to make virus (2-7). Additional studies suggest 
that nucleic acids extracted from leukemic mouse tissue can themselves 
enhance leukemias (8) or cause tumors (9) when injected into suitable 
hosts. We were, therefore, interested to discover whether the methods of 
nucleic acid extraction, which have proved successful in obtaining active 
material from virus preparations, would also give extracts with biological 
activity when applied to tumors. The investigation was begun by pre- 
paring RNA extracts from different animal and human tumors, and from 
normal tissues, and studying the modifications induced by their injection 
into mice. 

In this paper, we are mainly concerned with the positive results obtained 
in 3 to 6 weeks after inoculation; these are of particular interest, both from 
the fact that tumors appeared and from their characteristics. Further 
long-term effects of these inoculations cannot be ruled out in view of the 
relatively short time that has elapsed since inoculation. Preliminary 
reports have been the subject of earlier papers (10, 11). 

The present communication describes: (a) the biological behavior and 
histological characteristics of tumors induced in newborn mice by an 
extract containing RNA from human leukemic lymph nodes maintained 
both in the solid (FLS1) and ascites forms (FLS ascites) ; (b) the mode of 
growth and histopathology of other malignant tumors obtained in mice 
by RNA extracts from FLS ascites and the Ehrlich ascites tumor. 


MATERIALS AND METHODS 


Tissue extracts: tumors.—Extracts were prepared from 11 human 
tumors: 6 malignant lymphoid tumors, 1 Hodgkin’s disease lymph node, 
3 sarcomas of different types, and 1 melanoma. 

Until now, only 1 tumor has given an extract active in mice, and a 
description of the clinical case may be of interest: A man (F.L.) 74 years 
old, in perfect general condition, who came for consultation complaining 
of left subclavicular adenopathy, proved to have a multiple adenopathy 
with a predominantly axillary and cervical location. The blood picture 
was that of a lymphoid leukemia with 88,200 leukocytes per mm.’ (83% 
lymphocytes and 8% lymphoblasts). Before therapy was begun, several 
cervical lymph nodes were removed for biopsy; histologically, these showed 
the characteristics of a typically leukemic lymphocytosis. Samples of 
lymph-node material were immediately frozen and kept for 10 days at 
—70° C. before extraction. Eight months later, the patient’s condition 
had not changed and chemotherapy was started, while he remained an 
outpatient. 

Two mouse tumors were also used: FLS ascites, described later under 
“Results,” and the Ehrlich ascites carcinoma. 

Tissue extracts: control tissues.—Fourteen different samples of human 
tissue were used, including tonsils, lymph nodes from cases of chronic 
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inflammation, and benign fibromas and thymus from a newborn infant 
who died accidentally; also, different organs from adult or embryo mice 
or rabbits were used, which are listed in table 5. All tissue samples were 
removed by surgical intervention and taken immediately to the laboratory 
where they were either used fresh or after a few days’ storage at —70° C. 

Method of extraction of RNA.—Ten to 15 gm. of tissue was chopped with 
scissors and then homogenized for 30 to 60 seconds in an equal volume 
of 0.14 m NaCl containing 2 percent of phosphate buffer saline. An equal 
volume of water-saturated phenol British Drug House analar was then 
added and homogenization continued for 5 minutes. Glass beads (Bal- 
lotini grade 12) were added to the homogenate, which was transferred to 
the cups of a Mickle tissue disintegrator and shaken for 5 minutes. In 
the ascites tumors, cells from a fresh exudate were washed 3 times by 
centrifugation in phosphate buffer saline, and then resuspended at a 
concentration of 5 X 10’ cells per ml. in 0.14 m NaCl. 

To this suspension was added an. equal volume of water-saturated 
phenol, together with glass beads, after which the cells were disintegrated 
in the same way as the homogenate. The aqueous phase, separated by 
short centrifugation, was then pipetted off; an equal volume of phenol was 
added and the mixture shaken again for 3 minutes. This second operation 
was repeated 3 times. 

The aqueous phase from the final extraction was washed 6 times with 
peroxide-free ether, and the ether was removed by bubbling nitrogen 
through the aqueous phase recovered from the last ether extraction. The 
whole process was carried out in the cold. 

The content of RNA was determined spectrophotometrically (spectro- 
photometer of Jobin and Yvon), and an attempt was made to determine 
its degree of polymerization by the reaction described by Houck (12). 

On several occasions, the ribose content of the RNA was determined by 
the orcinol reaction, and the DNA content by the method of Dische (73). 
Protein content was measured by the method of Lowry et al. (14). 

These tests showed that the preparations contained between 1 and 5 
mg. per ml. of RNA. The absorption spectrum showed a maximum at 
258 my, a minimum at 230 my, and a 258 to 280 ratio between 2 and 2.2; 
1 mg. of RNA corresponded to 0.021 units of absorption. 

The protein content determined with Folin’s reagent was between 20 
and 150 yg. per ml., but these results could be explained by the persistence 
of phenol in the preparation, since biuret reaction was negative. Only 
traces of DNA were present. 

Preparation of cell-free extracts.—Cell-free extracts were prepared, both 
from the human tumors, in particular the F.L. tumor, and from the animal 
tumors, by grinding tissue or ascites cells in 0.14 m NaCl in a Potter 
homogenizer, followed by centrifugation by the method of Gross (15) or by 
filtration through a Chamberland L1 candle. Such extracts were inocu- 
lated into 285 mice by the intraperitoneal, subcutaneous, or intracerebral 
routes, as shown in table 4. 
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Method of inoculation.—Extracts were inoculated either immediately 
or after treatment by specific enzymes [ribonuclease (RNase) and deoxy- 
ribonuclease (DNase), Nutritional Biochemicals Corporation] under con- 
ditions detailed later. 

Mice.—Depending on availability, we have used both Swiss and RAP® 
mice, which have a very low incidence of spontaneous tumors (1%-2%), 
produced by “‘random mating” in a closed colony. Pure mice (C3H/HeA) 
and (C3H X Af)F; hybrids, and occasionally CF-1 and C57BL were used. 

Animals received injections of extracts containing RNA, by the intra- 
peritoneal route, on the day of birth or during the next few days or at 6 
to 8 weeks of age. They were fed a synthetic diet, supplemented with 
greens and carrots, and an abundance of water. 


RESULTS 


Malignant Tumors Induced by RNA Extract From F.L. Tumor 


A preparation of 0.05 ml. made from human cervical lymph nodes 
from F.L., described previously, containing 6 mg. of RNA per ml. was 
injected intraperitoneally into a litter of 4 Swiss mice a few hours after 
birth. Three others from the same litter received at the same time an 
intraperitoneal inoculation of 0.05 ml. of 0.14 m NaCl. One of the animals 
inoculated with RNA died on the 8th day and was eaten by the mother. 


At the end of 21 days, each of the 3 remaining mice inoculated with 
the RNA preparation showed a tumor at the site of injection in the 
inguino-abdominal region. These mice were killed a week later when 
their tumors had attained the following dimensions: 4 X 3 X 3.5 cm.; 
2X 1X 0.5 em.; 1.5 X 0.8 X 0.7 cm., respectively. In 1 mouse there 
were 2 secondary nodules in the abdominal cavity and multiple pulmonary 
metastases. The 3 control mice from the same litter showed no symptoms 
at this time. 

Histology.—Histologically, the 3 tumors had a very similar appearance. 
Certain zones had the aspect of an extremely dedifferentiated epithelioma 
with rounded cells, relatively homogeneous and hyperchromatic (fig. 1); 
other zones had the aspect of a dedifferentiated and polymorphous sar- 
coma, the cells being much more irregular in their shape, size, and tinc- 
torial affinities. There was a remarkable abundance of giant cells, with 
huge nuclei or multinucleated. Finally, in the peripheral zones of in- 
vasion, there was a majority of strands of free cells, comprising a diffuse 
infiltration of the soft parts (fig. 2), and a large number of atypical mitoses. 

Careful interpretation of these results and the elimination of other 
diagnoses have led us to believe that these 3 tumors were developed from 
the peritoneal serosa. They were called FLS (S for sowris: mouse). 


8 Rockland and Purposes (1931). This strain was obtained at the Rockland farms by crossing several albino 
mice of unknown genetic constitution. Mice of this strain have been inbred for more than 100 generations. 
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Biological and Histological Studies on Passage of the FLS Tumor 


Solid Form 


A first passage, by the subcutaneous dorsal route, was made in 10 RAP 
and 6 C3H mice between 2 and 3 months of age; 2 RAP mice died of an 
infection. The 14 survivors all developed voluminous tumors that caused 
death at an average age of 22 days in RAP mice and of 39 days in C3H 
mice. 

We did not find metastases in this first series but there was hypertropy 
of the spleen, with an intense myeloid reaction. The blood was absolutely 
normal. 

A second subcutaneous passage was made from 11-day-old tumors, and 
2 fresh strains of mice were used. Sixteen RAP, 10 C3H, 5 CF-1, and 5 
C57BL mice received an injection. The tumor grew progressively in 29 
of the 31 RAP, C3H, and CF-1 mice injected. By contrast, in the C57BL 
mice, only 1 died of the tumor; the others are still alive, with small tumor- 
ous nodules whose volume remains stationary. 

A third passage was made from RAP and C3H tumors of the same 
passage. Ten Swiss mice were injected; 9 died with tumors. Mainte- 
nance of this tumor has continued, but in 2 mouse strains only, RAP and 
C3H (fig. 3). The tumor grows progressively in 92 percent of the mice, 
its development is mainly local, but occasionally generalized metastases 
occur. The average time for the tumor to kill has tended to increase: 
For mice of the RAP strain, it has lengthened from 22 days at the first 
passage to 52 days at the fifth and, for C3H tumors, for the same passages, 
from 39 to 56 days. The tumor is now in its eighth passage. It is 
suggested that this deceleration of the solid transplanted tumors on the 
first continued passages might be attributed to the fact that the original 
tumors were not initiated in a strictly inbred strain of mice and may 
induce an increasing immunological response in nonisologous hosts. 

Histology.—These tumors are closely related to the original FLS. They 
are generally anaplastic, but a single section shows two different aspects, 
one resembling an extremely dedifferentiated pseudolobular epithelioma, 
the other a dedifferentiated sarcoma with giant cells. It is not possible 
to make an accurate diagnosis from such a highly anaplastic appearance. 


Ascitic Form of the FLS Tumor 


Starting with one of the tumors at the second passage in RAP mice, we 
were able to obtain an ascitic tumor by inoculating 3 C3H and seven 
3-month-old RAP mice intraperitoneally with 0.5 ml. of a 10 percent 
suspension of the tumor in saline. Eight animals died with a hemor- 
rhagic ascites containing 1 to 2 X 10® cells per ml., with secondary 
tumorous nodules on the mesentery (fig. 4). Two animals developed a 
parietal tumor without ascites. Until the present time, this ascites has 
been maintained by serial passage in different strains of mice. The 
average time of development was 29 days at the first passage and 15 days 
at the second, which has since shortened to 7 days at the thirteenth 
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passage. It kills 100 percent of the animals whatever the strain—C3H, 
Swiss, or RAP. 

Cytology of the ascites tumor.—Smears stained by May-Griinwald- 
Giemsa show an extremely high density of cells, among which 2 cell 
types can be distinguished. The first are fairly large cells, 20 to 30 u, 
with large, round, hypobasophilic nuclei. The cytoplasm of the basophilic 
cells, which often has a pseudopodial outline, contains vacuoles that are 
sometimes well developed and give the cells the appearance of a signet 
ring. Such cells are often large—up to 100 u (fig. 5). 

The second cell type is smaller, with a more regular contour, and both 
nuclei and cytoplasm are extremely basophilic. Sometimes, a clear halo 
in the cytoplasm can be seen surrounding the nucleus. Numerous 
atypical mitoses can be seen in both cell types. 


Tumor Induction by RNA Preparations From the FLS Ascites Tumor 


Since we failed to observe rapid tumor induction in several hundred 
animals inoculated with RNA extracts from human tumors or mouse 
ascites tumors (see table 5), we modified our method of extraction. To 
eliminate the effect of residual RNase (16), we have carried out partial 
purification of the preparation. Instead of 3 phenol extractions, we used 5 
extractions, with phenol at 37° C., and then, after washing 3 times with 
ether, added sodium acetate to the aqueous phase to a final concentration 
of 2 percent. The RNA is precipitated by the addition of cold ethanol, 
drop by drop, with continuous stirring. The precipitate is washed 5 times 
with a mixture of 2 volumes ethanol and 1 volume 0.14 m NaCl, and finally 
dissolved in 0.14 m NaCl containing 1 percent phosphate buffer saline. 
The insoluble residue is removed by centrifugation. In such prepara- 
tions, the ratio of absorption 258 to 280 is always in the range 2.2 to 2.3, 
and proteins and DNA are no longer detectable. 

In addition, we attempted to treat mouse-embryo cells in vitro with the 
RNA preparations and to inoculate them into animals of the same strain. 
Mouse embryos 15 to 18 days of age, removed aseptically by cesarean 
section, were chopped and trypsinized by a method analogous to that of 
Youngner (17). Cells, washed several times, were suspended in Earle’s 
saline at a concentration of 10~* perml. The cellular suspension was mixed 
with an equal volume of an RNA extract (0.8 mg./ml.) and inoculated into 
adult or newborn mice, as shown in table 1. Under such conditions we 


TaBLeE 1.—Mice inoculated intraperitoneally with a suspension of FLS-RNA (0.8 
mg./ml.) and homologous embryonic cells* 


Number of Evolution delays 
Number of mice Age and dose tumors (days) 


7 2days 0.1 ml. 2 29, 58 
5 8 weeks 0.3 ml. 1 24 


*Among 26 animals inoculated with the same extract by the intrasplenic, intrahepatic, or intratesticular 
routes, no tumor appeared after 4 months. 
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obtained 3 primary ascites tumors, after an interval of 24 to 58 days 
(table 1); these tumors are described later. 

These results raised the question whether the tumor arose from the 
embryonic cells themselves, or if, more simply, the inoculation of these 
cells provoked a phagocytic reaction on the part of the host and then the 
phagocytic cells gave rise toa tumor. To decide between these two alter- 
natives, we replaced the embryonic cells in the system by horse erythro- 
cytes (standard preparation of the Institut Pasteur). The red cells 
were washed 3 times by centrifugation in the phosphate buffer saline, and 
then suspended in twice the packed-cell volume of phosphate buffer 
saline, which corresponds to a concentration of 3 X 10° red cells per ml. 
Such a red-cell suspension was mixed with an equal volume of RNA 
extract previously treated, when necessary, by DNase or RNase under 
conditions described in tables 2 and 3. To date, 10 tumors have been 
observed between the 19th and 34th day after inoculation. 


TaBLE 2.—Mice inoculated intraperitoneally with a suspension of FLS-RNA (2.8 mg./ 
ml.) plus horse red blood cells* 


Evolution 


Number of Number delays 

Preparations mice of tumors (days) 
RNA, not pretreated Adults 7 0 — 
Newborn 3 1 22 
RNA pretreated with RNase (0.5 Adults 7 1 29 
mg./ml.—7 minutes) Newborn 2 1 22 


*Injected doses: adults 0.2 m. newborn mice: 0.1 ml. 


TaBLE 3.—Mice inoculated intraperitoneally with a suspension of FLS-RNA 
(1.3 mg./ml.) plus horse red blood cells* 


Evolution 
Number of Number delays 
Preparations mice of tumors (days) 


Adults 19 
Newborn 29 


RNA pretreated with DNase (2 Adults 10 
mg./ml.—30 minutes) Newborn 11 


RNA pretreated with RNase (2 Adults 18 
mg./ml.—30 minutes) Newborn 20 


RNA, not pretreated mene 
29-32-34 


19-20 
25-25 


coo NN 


*Injected doses: adults 0.2 ml.; suckling mice: 0.1 ml. 


Description of Tumors 


In the 3 experiments described, we have obtained 13 tumors in the 
mouse. These appeared and developed after an interval of 19 to 58 days, 
an average of 28 days elapsing between the date of inoculation and that of 
death or the time the mice were killed. Ascitic tumors were detected 
by exploratory puncture after the appearance of abdominal swelling. 
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Ten of the tumors appeared in newborn and 3 in young adult mice. Swiss 
mice showe? 9 tumors; 1 appeared in a C3H/HeA inbred mouse; 1 in a 
(C3H X Af)F, hybrid; and the last 2, in RAP mice. The animals were 
bred, maintained, and used in experiments in 2 different laboratories. 

Three of the tumors seemed to have a primary pulmonary localization; 
the 10 others appeared first in the ascitic form. The pulmonary tumor 
appeared in newborn mice whose growth had been retarded and that had 
died 25, 32, and 34 days after inoculation. All 3 tumors were accompanied 
by a thick, hemorrhagic pleural exudate which was rich in cells. Two 
tumors appeared as micronodular and macronodular formations, bunched 
like grapes in the 2 pulmonary fields; they were whitish and had a ho- 
mogeneous aspect and a firm consistency. The third tumor—left lung 
was massively invaded by a firm pinkish tumor—was twice the usual 
size of lung and deformed the thorax. There was a rash of neoplastic 
granulations covering the pleura, the mediastinum, the diaphragm, and 
the mesentery. Histologically, these tumors were highly anaplastic and 
invasive, and showed many atypical mitoses. They were even more 
dedifferentiated than the primary FLS tumors and presented the same 
difficult diagnosis already noted in the description of the latter (fig. 6). 
None of them had the appearance of a primary lung epithelioma and 
seemed rather to have developed from the pleural serosa. 

The other 10 tumors originated from an ascites tumor. At autopsy, the 
animals showed an abundant, thick, opalescent, and hemorrhagic exudate 
whose volume, in the newborn mouse, was a quarter to a third of the total 
weight of the animal. In 3 instances, no solid tumors were detectable 
macroscopically; in the other 7, multiple tumor nodules of variable size 
covered the mesentery, the peritoneal wall, and the membranes and cap- 
sules of the abdominal organs. The serosa showed areas that were thick- 
ened and infiltrated by strands of neoplastic cells. In the inguinal region 
at the level of the biopsy puncture, a gelatinous tumor formation could 
often be seen invading the serosa and muscle and adhering to the skin. 

Cytological study of the exudate showed, in every instance, a high con- 
centration of malignant cells (1-2 XX 10%) per ml., with an appearance 
comparable to that of the FLS ascites described earlier. With some 
variation, these exudates were always rich in monstrous elements and in 
giant cells, and a predominance of basophilic cells of histoid type could be 
seen. Histological sections of the abdominal viscera showed numerous 
zones of invasion scattered throughout the peritoneum, the mesentery, the 
pancreas, and the capsules of the organs. They consisted of tumor nod- 
ules of variable dimensions or true strands of malignant cells infiltrating 
the serosa. These conditions prevailed in the three instances in which the 
viscera seemed macroscopically intact. Here again, the same anaplastic 
character was found, which gives a “family resemblance’ to all these 
tumors (figs. 7 and 8). It was impossible to discover a precise point of 
origin for these tumors, which seemed to develop simultaneously in very 
scattered areas, probably in the serosa, where the reactive cells of the 
exudate provoked by the injection appeared. Finally, in all these 
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instances, the abdominal organs themselves appeared normal, as did the 
blood picture and the bone marrow. 


Biological Behavior of These Tumors 


Their biological behavior was no less exceptional than their morpho- 
logical appearance. Except for the 3 pleuropulmonary tumors and a 
single ascites tumor that were autopsied too late, the other exudates 
were inoculated intraperitoneally (10’ cells) into adult mice of different 
strains and maintained by serial passage for a greater or lesser time, accord- 
ing to the availability of animals. 

The ascites tumors developed progressively in 100 percent of the 
animals inoculated, though most often they were not of an isologous 
strain (fig. 9). From the beginning, the development of the tumors was 
at least as rapid as that of certain classical ascites tumors which have 
been maintained for along time. The rapid development and, essentially, 
the lack of strain specificity of these tumors, from the very first trans- 
plantation generation onward, are most surprising findings and in sharp 
contrast with the usual behavior of spontaneous or induced tumors. They 
grew more quickly than the original FLS tumor; thus, while the mean 
survival time during the first passage of the latter was 29 days, the ascites 
Ch1, obtained after the inoculation of an extract containing RNA from 
this primary FLS tumor, killed all the animals in 5 to 6 days at its first 
transfer, whether they were Swiss or C3H mice. Inoculation by other 
routes than the intraperitoneal route was attempted several times. The 
ascites Cel, developed in a newborn Swiss mouse, was injected sub- 
cutaneously into 7 newborn C3H mice, 24 hours old. A palpable tumor 
was present on the 31st day in the 7 animals. They died on the 7th day 
with a neoplastic invasion of the whole dorsolumbar region. The same 
Cel ascites was inoculated intradermally into 10 adult C3H and Swiss 
mice. A palpable tumor at the point of injection was present on the 3d 
day. The tumors then developed slowly (17 to 47 days), invading little 
by little the whole side, and attaining considerable dimensions. Finally, 
a single attempt at heterologous transplantation proved successful. At 
the first passage of the Ch1 ascites, diagnostic punctures practiced on the 
4th day in C3H mice gave an exudate that was rich in cells. This was 
injected intraperitoneally into a single litter of 7 Wistar rats that were 
24 hours old. Tumors appeared at the point of inoculation on the 3d 
day, in all animals. They grew rapidly and retarded the growth of the 
rats, which died or were killed in extremis on the 7th day. 

These rats had voluminous parietal tumors, weighing several gm. (fig. 
10), accompanied by secondary abdominal nodules and highly prolifera- 
tive pulmonary metastases histologically identical to those found in mice 
(fig. 11). A single suckling rat had an ascites that was rich in malignant 
cells, which were then transplanted into ten 1-month-old rats. An 
ascites tumor developed in 5 to 6 days, and 3 animals were killed on the 
8th day because the ascitic fluid had attained a volume of 12 to 20 ml. 
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Numerous tiny nodules, scattered in the abdominal cavity, were ob- 
viously necrotic. Microscopically these nodules, as well as the smears 
of the ascites tumor, still showed a small proportion of apparently sur- 
viving malignant cells among a predominance of inflammatory or cyto- 
lyzed elements. In the other 7 rats, the ascites tumor began to regress 
on the 8th day; regression was completed within 12 to 15 days. The 
animals survived and were apparently well 4 months later. 


Tumors Induced by RNA Preparations of Ehrlich Ascites Tumor 


At the beginning of our experiments, we observed the appearance of a 
transplantable solid tumor in 1 of 10 adult Swiss mice, 10 days after 
intraperitoneal inoculation with an RNA preparation made from Ehrlich 
ascites cells. The appearance of this precocious tumor was so surprising 
that we considered the possibility of a technical error. However, results 
obtained later prompted us to use RNA extracts of the Ehrlich ascites a 
second time. 

Of 4 following experimental series, only 1 has given a positive result. 
Seven Swiss mice, 8 weeks old, were inoculated intraperitoneally with 0.2 
ml. of an RNA extract containing 3.7 mg. per ml., mixed with a suspension 
of horse red cells in the way described previously. On the 28th day, 1 
mouse had an ascites rich in tumor cells, closely resembling the ascites 
already described. It was richer in monstrous elements and giant cells 
than the Ehrlich ascites from which the extract had been prepared (fig. 
12). Furthermore, it could be distinguished from the original Ehrlich 
ascites by means of its chromosome content. After colchicine treatment 
and staining with orcein, the Ehrlich ascites appeared nearly tetraploid, 
while most of the induced ascites tumor cells rarely had more than 20 
pairs of chromosomes. The significance of this predominance of diploid 
and near-diploid cells, at variance with many observations showing that 
polyploidy or a high degree of tetraploidy are associated with the ability 
to cross strain barriers (18), will need much more elaborate study. This 
tumor could be transplanted intraperitoneally and maintained by serial 
passage in mice of different strains. Its development is analogous with 
that of the other ascites described in this paper. 


Results of Attempts at Transmission by Means of Cell-Free Extracts 


In several hundred animals inoculated at birth with cell-free extracts 
prepared from the different human and animal tumors in our experiments, 
including the original F.L. tumor (table 4), we have observed neither pre- 
cocious tumor nor leukemia. For example, of 114 animals receiving a 
cell-free extract of the FLS ascites tumors, 65 have survived for more 
than 6 months and have remained well. None of the dead animals 
showed any neoplastic lesions. 
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LACOUR, LACOUR, HAREL, AND HUPPERT 
DISCUSSION 


The tumors described in this article can be clearly distinguished from 
any of the spontaneous or induced tumors described previously in the 
mouse; the repeatability of the phenomenon, the extremely short delay 
before the appearance of tumors, their histological type and their bio- 
logical behavior in the course of serial passage, are all evidence of this. 
Besides, apart from mammary tumors, no spontaneous tumors in any 
animal under 1 year of age have been observed in any of our controls 
(tables 5 and 6). 

These facts seem to indicate a close relationship between the inocula- 
tion and the appearance of tumors. One can also exclude the hypothesis 
of passage of intact cells which have survived the process of extraction, 
since, in our first experiment, an extract from a human tumor induced 
transplantable tumors in the mouse. Moreover, control experiments 
with bacterial cells show that after the single extraction with phenol 
all bacteria are destroyed. In addition, recent work on the infectious 
RNA of viruses has shown that there is no residual infective virus after 
phenol treatment. The latter demonstration makes it equally improb- 
able that we are concerned with a simple transmission of an oncogenic 
virus analogous to those which have been described in recent years by 
Gross (15), and also by Graffi et al. (19), Stewart (20, 21), and Friend 
(22), as does the fact that all of our attempts to transmit tumors by 
means of cell-free extracts have remained negative after intervals often 
similar to those when these authors observed leukemias and tumors. 

What is the effect of the RNA content in our preparations? RNA 
is the major component of these extracts, prepared by a method that has 
successfully demonstrated infective RNA in plant and animal viruses. 
We hoped to be able to prove the specific effect of RNA in this phe- 
nomenon by means of RNase. In the experiment reported in table 2, 
incubation of the RNA preparation for 7 minutes with a solution of 
RNase containing 0.5 ug. per ml., did not prevent the appearance of 
tumors; but it is possible that in this instance there had not been sufficient 
enzyme activity. By contrast, in the experiment reported in table 3, 
we observed 3 tumors in 48 animals, with RNA untreated by enzymes; 
4 tumors among 21 mice injected with an RNA preparation treated for 
30 minutes at room temperature with 2 ug. per ml. of DNase; and no 
tumors among 38 animals receiving an injection of RNA treated for 
30 minutes with RNase (2 ug./ml.). 

This result makes it extremely improbable that the effect is due to 
traces of DNA contained in the preparation. As for the statistical 
evidence of the effect of RNA in the experiment reported in table 3, 
the pooled results of the group untreated with enzymes and of the group 
pretreated with DNase give a proportion of 1 tumor in 10, P = 0.018 
approximately, which does not allow us to exclude entirely any action 
by polysaccharides, or an as yet unknown compound, in the preparation. 
Under the hypothesis that it is indeed the RNA which is the active 
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TasLe 6.—Summary of all experiments enumerated in tables 4 and 5. 


Number of 
Totalofmice Number of tumors 
surviving tumors during the. later 
Number of more than ed before observation 
Material injected preparations 15 days* dayst period 


RNA from human tumors 14 
RNA from noncancerous human tissues. . ee 

RNA from animal tumors. . 

RNA from noncancerous 

Cell-free extracts 

Normal mouse embryo cells 


cooooouow 
wooonoces 


*The average mortality of newborn mice during the 15 days after inoculation was 30.7 percent. 

{Exact time of appearance of each tumor is indicated in tables 1, 2, and 3. 

{Two mammary carcinomas appeared in 1 (C3HXAf)F; hybrid, 210 days old and in 1 C3H mouse, 240 days 
old. 

§Mammary carcinomas appeared in 1 RAP and 2 C3H mice, 300 days old. 


element in the extracts, it is possible that, in the original experiments, 
it was the RNA from a human leukemic virus. The existence of such 
viruses among mammals has been known since the work of Gross, which 
showed the viral origin of mouse leukemia (15, 23). More recently, 
Schwartz et al. (24), Parnes and Suntzova (25), and Dmochowski e¢ al. 
(26) have described the appearance of leukemias and tumors in mice 
that received an injection of cell-free extracts of human leukemic tissues. 
That the RNA of tumor cells or even of normal cells, heterologous or not, 
can, under certain conditions, have a tumor-inducing action is not, 
however, excluded. Nevertheless, before one can draw firm conclusions 


on this matter, further research, particularly in methodology, will be 
necessary. Our results, listed in tables 5 and 6, are much too irregular 
and the causes for this irregularity, which may involve the material used, 
the method of extraction, and the susceptibility of the animals, still 
must be determined. 
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Ficure 1.—Primary FLS tumor, induced in suckling mice by intraperitoneal inocula- 
tion of an extract containing RNA from human leukemic lymph nodes. Tumor 
invading the abdominal wall. Bouin’s fixation; Masson’s trichrome. X 240 


Ficure 2.—Primary FLS tumor. Strand of free malignant cells infiltrating the peri- 


toneal serosa. Bouin’s fixation; hematoxylin and eosin. X 240 


F 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 24 PLATE 15 


LACOUR, LACOUR, HAREL, AND HUPPERT 
529021—60-——_6 


321 


LACOUR, LACOUR, HAREL, AND HUPPERT 


16 


Fravure 3.—Gross appearance of solid FLS transplanted tumors in RAP, C3H, and 
Swiss adult mice, 25 to 40 days after subcutaneous grafting (eighth passage). 


Ficure 4.—Gross appearance of transplanted FLS ascites tumors 10 days after intra- 
peritoneal inoculation: (right) in a C3H mouse, showing large volume of fluid; 
(left) in RAP mouse after the fluid has been removed, showing malignant nodules 
scattered on the abdominal wall and the omentum. 
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PLATE 17 


Friaure 5.—Microscopie view of malignant cells in FLS ascites tumor. Smear of 
peritoneal fluid showing two different types of cells. May-Griinwald-Giemsa. 
600 


Figure 6.—Pulmonary tumor induced in C3H newborn mouse by extract containing 
RNA from FLS tumor. Sarcoma-like area. Bouin’s fixation; hematoxylin and 
eosin. 600 


Figure 7.—Tumor induced in newborn Swiss mouse by intraperitoneal inoculation 
of an extract containing RNA from FLS ascites tumor, and homologous embryonic 
cells. Malignant growth in the omentum. Bouin’s fixation; hematoxylin and 
eosin. 160 


Fiaure 8.—Tumor ChD1 induced by intraperitoneal inoculation of an extract con- 
taining RNA from FLS tumor pretreated with deoxyribonuclease. Tumor invading 
the muscular abdominal wall. Bouin’s fixation; hematoxylin and eosin. > 240 
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Ficvure 9.—Transplanted ChD1 ascites tumor. Malignant nodule of the vaginal 
serosa. Bouin’s fixation; hematoxylin and eosin. XX 600 


Ficvure 10.—Heterologous transplantation of mouse Chl ascites tumor into newborn 
rats; gross appearance 7 days after intraperitoneal injection. 


Ficure 11.—Microscopic view of tumor of newborn rat shown in figure 11. Massive 
metastasis in the lung. Bouin’s fixation; hematoxylin and eosin. X 160 


Ficure 12.—Ascites tumor of the mouse induced by intraperitoneal injection of an 
extract containing RNA from Ehrlich ascites tumors. Smear of the peritoneal 
fluid showing a giant cell and one mitosis. May-Griinwald-Giemsa. 600 
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Mechanism of Experimental Tumorigenesis. 


IV. Ultrastructure of Interfollicular Epidermis 


of Normal Adult Mouse * ” 


KAI SETALA,? LAURI MERENMIES,3 LEO STJERN- 


VALL,' and MAURI NYHOLM,* ° Department of Pa- 
thology and the Institute of Electron Microscopy, 


SUMMARY 


The interfollicular epidermis (IFE), 
excluding the hair follicles, of the back 
of the adult normal mouse was ex- 
amined with the electron microscope. 
The phase of the hair follicular cycle 
and the mitotic state in the skin were 
taken into account. Careful attention 
was paid to the experimental technique 
and possible sources of error. The IFE 
of the mouse is, in principle, composed 
of one layer of nucleated cells of the 
basal-cell type. These parental cells 
neither move upward nor keratinize. 
Instead the majority of the daughter 
cells immediately lose their nuclei, 
while the keratinization proceeds. Oc- 
casionally, disintegration of the nu- 
cleus of the daughter cell is delayed so 
that two nucleated cells one upon the 
other are observed. If, however, mouse 
IFE contained two or more cell layers 
over a more extensive area, this was 
obviously due to accidental factors such 


University of Helsinki, Helsinki, Finland 


LIGHT MICROSCOPY revealed that the epidermis of the back of the 
adult mouse is composed of one or, at the most in some areas, two 


as inflammation or fighting. The basal 
cells of IFE, over a wide basal surface, 
are fixed to the dermoepidermal junc- 
tion by special attachment devices, the 
ultrastructure of which is also de- 
scribed. The boundaries of adjacent 
cells intimately follow each other in 
an intricate, folded, curtainlike fash- 
ion. Cytoplasmic pseudopodia worm 
into corresponding passages of the 
neighboring cells. Neither intercel- 
lular spaces nor intercellular bridges 
occur between basal cells in mouse 
IFE, but do occur between the over- 
lying differentiating cells. The ultra- 
structure of mouse IFE is independent 
of the phase of the hair follicular cycle. 
The mitotic state was the same in all 
material examined. The mouse IFE 
differs from the multilayered one in 
the human, rat, or guinea pig, as de- 
scribed in the literature.—J. Nat. Can- 
cer Inst. 24: 329-353, 1960. 


layers of viable cells, the majority of which are undifferentiated (/). 
The different stages of keratinization are difficult to distinguish. The 
epidermis of the back of the embryo mouse and that of the adult mouse 
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footpad are multilayered and stratified ; most of the cells are differentiated 
(2). The various stages of keratinization can be distinguished (3). 
Numerous electron microscopic studies deal with the ultrastructure 
of the epidermis: that of the human (4-10), rat (6, 10, 11), larval am- 
phibia (12, 13), and hair and feather follicles (10). Most of these studies 
concern certain epidermal details and/or organelles. The study of the 
ultrastructure of the normal interfollicular epidermis of the back of the 
adult mouse has largely been neglected. However, according to the 
literature, the epidermis in the adult mouse essentially differs from that 
of the human, rat, or guinea pig. 


MATERIALS AND METHODS 


The material was the same as in our previous light microscopic study 
(1), comprising 100 adult mice. Ten newborn mice, 1 to 12 hours of age, 
were added to demonstrate, by light microscopy, the special structure of 
the epidermis of the adult mouse. A special electron microscopic com- 
parative study concerning the differentiation mechanism will appear 
later. 

Each specimen was examined by light and electron microscopy at the 
same time. The phase of the hair follicular cycle (anagen, catagen, and 
telogen) was also observed. To avoid the possible influence of diurnal 
fluctuations of mitotic activity in epidermis, the biopsy specimens were 
taken between 8 and 9 a.m., as in our earlier studies on mouse skin (/, 
14-16). 

The specimens for electron microscopy were immediately placed on a 
cork tray on which a sufficient quantity of cold fixative solution (vide 
infra) was dropped; the flaps were cut below the fluid surface into 20 to 
40 small blocks, not more than 1-mm. thick, and then quickly immersed 
in 1 percent isotonic OsQ, solution, buffered at pH 7.2 to 7.4 with Veronal 
acetate, and fixed for 1% hours at +4°C. The pieces were washed in 
Tyrode’s solution for 30 minutes, and then dehydrated in ethyl alcohol. 
From absolute alcohol the specimens were transferred into an 8:2 mixture 
of N-butylmethylmethacrylate containing 1 percent benzoyl peroxide 
as a catalyst. They were kept in the methacrylate mixture overnight, 
mounted in gelatine capsules containing a partially polymerized metha- 
crylate mixture, and then polymerized at +45° C. for 24 hours. The 
araldite embedding technique (17) also was used. The pieces were 
embedded with some of the epidermis lying vertically and some hori- 
zontally; in other words, the planes of the sections were at right angles to 
each other. Trimming was begun by cutting a small disc from the speci- 
men. This disc was placed on the slide and examined under the light 
microscope. It was of crucial importance to obtain the specimens from 
the intercellular area proper and not from the area close to the follicular 
openings (14, 15). The true interfollicular area was localized and a pyra- 
mid was trimmed under the preparation microscope so that this area was at 
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the apex of the pyramid. The sections were cut on a Sjéstrand ultra- 
microtome (18). A Philips EM 100 B electron microscope was used: 
objective aperture 25 u; bore of the objective pole piece 1.8 mm.; acceler- 
ating voltage 60 kv. Reference is made to our previous papers for other 
experimental procedures not mentioned here (1, 14-16). 


RESULTS 


Some Methodical Basic Prerequisites 


The special reasons for choosing the interfollicular epidermis (IFE) 
proper, that is, the epidermal field between hair follicles of the back of 
the mouse, have been stated previously (1, 14-16, 19, 20). In determining 
the number of cell layers in IFE, it is of crucial importance that the 
specimens should be taken from the proper place and that the sectional 
plane is the appropriate one. The specimens should not be taken too near 
the follicular opening, and the plane should not be chosen so that a hair 
follicle situated on a deeper plane will “shine through.” If this cireum- 
stance is not carefully taken into account, errors can be made in estimating 
the number of cell layers in IFE, as sometimes occurs in the literature. 
The light microscopic structure of the normal IFE has been described 
in previous studies (1, 14-16). This tissue is illustrated in figure 1B. 
The epidermis of newborn mice, from 0 to 12 hours of age, is multilayered 
and stratified (2). Figure 1A illustrates this occurrence. The IFE of 
adult mouse differs from the multilayered one in the human or rat, as 
described in the literature. 

Earlier, we observed that the hair follicular cycle and the mitotic 
rhythm in this strain of mice had no essential effect on the thickness, 
i.e., the number of cells and cell layers (15, 16) or the cellular composi- 
tion (16) of the normal IFE. Neither did the hair follicular phase effect 
the hyperplastic epidermal alterations characteristic of the influence of 
dipole-type tumor promoters (15). The thickness of dermis is, however, 
essentially dependent on the hair follicular cycle (15, 21), as well as the 
effectiveness of the tumor-promotion treatment (15). In the present 
material, the average thickness of the IFE, counted from light micro- 
scopic slides, was 13.0 yw, of which stratum malpighii was 7.3, stratum 
granulosum 4.0, and stratum corneum 1.7 yw. There are no other layers 
in IFE of the back of the mouse. As to the hair follicular cycle, 54 percent 
of this material had hair follicles in the active growth phase (anagen plus 
catagen) and 46 percent in the resting phase (telogen). 

Concerning the mitotic activity, a special study has been carried out 
in our laboratory with colchicine (15). The colchicine effect was apparent 
within hair follicles and in surrounding areas, but rarely occurred in 
cells of the true IFE (in basal cells). In the present material the per- 
centage of mitotic cells was 0.06 + 0.02 (1). The occurrence of mitoses, 
at 8 to 9 a.m., in the whole material was strikingly uniform [counting 
technique in (14-16)]: There were 0 mitoses per counting field in 78, 
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1 in 20.3, and 3 in 1.7 percent. This finding is in accordance with our 
previous data (14-16). 

Of utmost importance, and not sufficiently observed in electron micro- 
scopic studies on the epidermis, is the prerequisite condition that the 
mice must be healthy and that the IFE, as well as the skin in general, 
must be absolutely normal. The mouse skin is extremely sensitive even 
to mild irritating noxa. Painting the skin with water and cutting the 
hair will cause a distinct hyperplastic response of the IFE, an increased 
number of differentiating cells, increased mitotic ratio, development of 
intercellular edema and intercellular bridges, etc., connected with slight 
inflammatory alterations in the dermis and hair follicles (14, 15). Ac- 
cordingly, it will develop exactly the same changes as occurred after 
treatment with dipole-type tumor promoters (see 14-16, 19, 20). The 
same applies when the animals have been fighting. To obtain a reliable 
result the experimental animals should be housed separately. 


Electron Microscopic Observations 


As to the electron microscopic structure of normal IFE, this paper 
presents only briefly those ultrastructural aspects which have been 
described in the literature. The special characteristics that are typical 
of the IFE of the back of the adult mouse will be presented. Particular 
attention will be given those IFE normal ultrastructures in which 
light microscopic alterations have been observed during tumorigenesis 
(1, 14-16). 

Figure 2 (same anime as in fig. 1B) is a low-power electron microscopic 
view of the total IFE. The special structure of the mouse epidermis is 
clearly seen: Viable nucleated cells of the basal-cell type form a single 
layer; the basal cells are attached by a fairly large base to the dermo- 
epidermal junction (figs. 2 to 8). In the mouse IFE this complex is a 
peculiar one. Against the dermal face is visualized a comparatively 
electron-dense, homogeneous (‘‘membraneous’’) organelle, the average 
thickness of which is 400 A. In electron micrographs taken of sections 
lying in the sagittal direction the dermoepidermal junction is seen as a 
partially deficiently demarcated and undulating structure (figs. 2 and 3). 
It intimately follows the next layer, which is less electron-dense and is 
visible as a moderately homogeneous matrix with an average thickness of 
200 A. The third layer consists of the basal boundary of the basal cells, 
which is visualized as a continuous layer (figs. 2 to 6) and not as a so-called 
double membrane. On electron microscopic analysis of sections passing 
through IFE in the sagittal direction, special attachment devices, basally 
situated, were seen, the ultrastructure of which (figs. 4 to 8) differed from 
that previously described in the literature. In figure 4, for example, are 
seen intracytoplasmic tufts of fine tonofilaments, meshing together to 
anchor to the internal surface of the basal boundary of a basal cell. In 
this area the cell wall is thicker over a length of about 1500 A. Following 
the course of this thickening is a less electron-dense layer of the same 
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length, about 80-A thick but not fully homogeneous. The sheetlike layer 
is sunk into the 200-A thick, low electron-dense zone. The distance 
of these attachment devices from each other varied between 1000 A 
and 3000 A. Thus these attachment organelles partially resembled 
desmosomes (vide infra), but differed in that they did not contain all 
the components of the latter. 

The cell surface-to-cell surface contacts between adjacent epidermal cells 
form an intricate structure. In the IFE of the back of the normal adult 
mouse no intercellular spaces occurred between basal cells. However, if 
the sections were taken from the hair follicles, or too near the follicular 
openings, there were always intercellular spaces between basal cells. If 
intercellular edema formation appeared in the true IFE, re-examination 
of the slides by light microscopy also revealed signs in other cutaneous 
structures that were indicative of nonspecific inflammation, e.g., caused 
by fighting if the animals were housed together in the same cages. In 
addition, formation of intercellular spaces in the basal-cell layer could be 
induced with such a mild irritation as a daily brushing of the skin with 
water (14, 15). In the superficial layer of IFE, intercellular spaces de- 
veloped after shrinkage of the keratinizing cells (figs. 2 and 16). 

Text-figure 1 diagrams the behavior and attachment of adjacent cells 
to each other. This sketch has been constructed on the basis of electron 
microscopic analyses of sections in sagittal and tangential directions 
(see also figs. 2, 3, and 7 through 11). As can be seen, the boundaries of 
the basal cells were folded in a curtainlike fashion and descended diagonally 
toward the dermoepidermal junction. The amplitude of the folds was 
minimal, or nonexistent, near the upper pole of the cells, and gradually 
increased toward the dermoepidermal junction. In addition, especially 


Text-ricurRE 1.—Sketch of interfollicular epidermis of back of the adult mouse. 
Basement attachment device (bad); cytoplasm (c); dermoepidermal junction (dej); 
nucleus (n). 


VOL. 24, NO. 2, FEBRUARY 1960 


| 
| 
* 
a4 
Od 4. 
al — >, 


334 SETALA et al. 


at the basal and middle levels of the basal cells, fingerlike cytoplasmic 
projections or pseudopodia of varying size, form, and length emerged 
from the folds and wormed into corresponding passages in the neighboring 
cells; the cell boundaries intimately followed each other. The ultra- 
structural appearance of the individual projection-passage complexes 
depended on the direction of the sectional plane (figs. 3, and 9 through 11). 

Figure 3 is an electron micrograph of a sagittal section at the level of 
the dermoepidermal junction. The base of the basal cells (see Jeft in fig.) 
is lobate, and forms large, deep, fingerlike cytoplasmic projections. In 
other sagittal sections a few of these projections sometimes occurred. 
This occurrence was due to the cut plane. Since the folds extended to 
various depths in the different sectional planes, the corresponding electron 
microscopic appearance also differed. This fact is further illustrated by 
figure 8, a tangential section, in which high-degree folding of lateral cell 
boundaries is distinguishable at the dermoepidermal level. Figures 
10 and 11 again demonstrate sagittal sections of the fingerlike projections 
and of the corresponding passages. Figure 7 is a tangential section made 
at the same level. 

Adjacent cells were attached to each other by means of desmosomes. 
In the lowest portion of the basal cells fewer desmosomes occurred than in 
higher portions. These attachment devices between adjacent basal cells 
were situated tangentially, 7.e., parallel to the cell boundaries. Between 
the upper poles of the basal cells and the more superficially situated dis- 
integrating cells, the desmosomes were arranged dentately—corresponding 
to the scalloped contours of the keratinizing cells (fig. 2). 

Figures 13 through 15 show the high-power electron microscopic 
appearance, in three different mice, of desmosomes situated between 
basal cells, i.e., nucleated cells with similar ultrastructural character- 
istics. The ultrastructure of these tangentially situated attachment 
devices was always uniform, both in the basal-cell layer of each animal 
and in the corresponding location in the different animals, in the entire 
study. Furthermore, the structure of these desmosomes in the IFE of 
the back of the mouse was similar to that recently described in the human 
forearm epidermis (9); in some respects it also resembled that in the rat 
footpad (11). Two facing adjacent basal-cell boundaries had disclike 
thickenings over a width of about 3500 A (maximum length 5000 A), 
and the mutual distance between adjacent cell boundaries was nearly 
constant at about 400 A. Intercellularly in the center of the attach- 
ment devices, i.e., 200 A from each cell boundary, there was a parallel 
intermediate electron-dense layer of the same length; halfway between 
the latter and each cell boundary, i.e., on each side of the intermediate 
layer, there was still one more electron-dense layer. In other words, 
the attachment device uniting adjacent basal cells contained twice as 
many layers as in the dermoepidermal junction. The desmosomes fur- 
ther included a paired intracytoplasmic component, the fine structure 
of which differed according to the localization of the desmosomes. Toward 
the internal face of the cell wall of the desmosomes situated nearest to 
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the dermoepidermal junction there were dense intracytoplasmic aggre- 
gates of granulated material of high electron density. This structure 
was not observed in the intercellular part of the desmosomes. The intra- 
cytoplasmic components of desmosomes situated at a greater distance 
from the dermoepidermal junction contained less granular but corre- 
spondingly more fibrillar material the nearer the desmosomes were to 
the upper pole of the cell. These formed a delicate meshwork in which 
fine filaments or (higher up) coarser fibrils radiated toward the internal 
face of the cell boundary disc, anchoring to it and forming two mutually 
counterbalancing tufts of tonofilaments and tonofibrils, respectively. 
The general course of these filaments and fibrils varied in the direction 
of such lines of forces as may be expected to result after the cells had 
stretched during the keratinization process. A number of intermediary 
stages were also seen. Like the granularity, no fibrillar ultrastructure 
transversed intercellular layers of the desmosomes. The structure of the 
desmosomes situated dentately to the boundary of keratinizing cells, in 
principle, resembled that of the tangentially situated ones. The desmo- 
somes of the disintegrating cells formed part of more or less differentiated 
intercellular bridges. In the IFE of the back of the normal mouse there 
were no true intercellular bridges between basal cells. But if the skin 
was painted, e.g., with plain water, true intercellular bridges developed 
between basal cells, in addition to intercellular spaces and a hyperplastic 
response of the IFE (14, 15). The situation was the same when the 
skin was even slightly inflamed. 

The cytoplasm of the basal cells was finely granulated, e.g., figure 9, 
as in the corresponding cells in other species. The centrally positioned 
nuclei were round or oval (fig. 2). The nucleus was large in relation to 
the size of the cell. The nwcleo-cytoplasmic interface appeared as a 
“double membrane”’ (figs. 2, 3, 9, and 10), as described in the literature. 
The mitochondria of basal cells with characteristically arranged lamellar 
cristae and “double membranes” (fig. 12) were generally located in the 
perinuclear halo of the cytoplasmic organelles (fig. 2). In elongated 
basal cells these were accumulated in the area of the upper and/or lower 
pools of the nuclei. The tonofibrils of the cytoplasm frequently adhered 
to the nuclei. Cytoplasmic structures that would have been considered 
as Golgi’s apparatus were not seen. 

The cells in stratum granulosum essentially differed in appearance from 
those in stratum malpighii, i.e., from basal cells. In stratum granulosum, 
here and there, two, or even three, layers of flattened cells occurred, 
decreased in volume, and paralleled the external surface. Generally, 
there was no nucleus. In some cases, in limited areas, two nucleated 
cells were seen lying over each other, with the nucleus of the upper cell 
completely, or diagonally, parallel to the cutaneous surface. Serial sec- 
tions, together with the light microscopic controls, revealed that this 
could be due to many different causes, such as an inflammatory process 
in the skin and subsequent reparative proliferation, which was most 
common; the dermoepidermal junction in this place was exceptionally 
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undulating, etc. Sometimes the detached keratinizing cells had preserved 
their nuclei longer than usual. Cells in stratum granulosum contained 
remnants of mitochondria dispersed in the converting cytoplasmic matrix. 
Tonofibrils had accumulated into closely situated, electron-dense clusters 
adjacent to the desmosomes. <A typical feature of these cells were kerato- 
hyaline granules, which were occasionally confluenced into larger bodies. 

Stratum corneum was clearly demarcated from stratum granulosum 
(figs. 2 and 16), and was composed of from 5 to 8 lamellas, all of which, 
with the exception of the lowest, appeared rather homogeneous and 
electron-dense in low-power electron micrographs. Often more electron- 
dense streaks, probably remnants of cell boundaries and desmosomes, 
were visible in the interlamellar spaces. In the lowest lamella, 7.e., at 
the boundary between stratum corneum and stratum granulosum, there 
were keratogeneous material in different stages of maturation, and fur- 
ther, vacuoles and remnants of desmosomes and other cellular organelles. 


DISCUSSION 


This study was indicated since it became apparent from our previous 
light microscopic (1, 14-16) and orientating electron microscopic (20) 
studies on the mechanism of skin tumorigenesis that further work necessi- 
tated knowledge of the ultrastructure of the IFE of the back of the normal 
adult mouse, of which only fragmentary electron microscopic data have 
been reported. 

It is a basic prerequisite that the animals must be normal. The skin 
of the back of the mouse is more sensitive than has ever been anticipated. 
Mere water painting and cutting of the hair will cause hyperplastic re- 
sponse in epidermis and inflammatory changes in dermis and dermal 
appendages (15). It is equally important that the electron microscopic 
technique employed must be reliable. That all those details of the ultra- 
structure of the epidermal tissue described in the recent literature were 
discernible also in the present material might indicate that our technique 
was adequate. In addition to the general electron microscopic view, 
now given for the first time, of the IFE of the back of the normal adult 
mouse, new ultrastructural features, which cannot be considered artifacts, 
were also detected. 

On the basis of light microscopic examination, it was reasonable to 
state that the true IFE of the adult normal mouse essentially differs from 
that in the human, rat, or guinea pig, as described in the literature. The 
electron microscopic analysis confirms the fact. It was characteristic of 
the IFE of the mouse that: (1) The IFE is essentially composed of one 
layer of nucleated cells, or, in limited places only, of two layers. Immedi- 
ately after division of the basal cells, the secreted daughter cells lose their 
nuclei. The fact that two nucleated cells may occasionally be located on 
top of each other does not mean we cannot call the IFE of the mouse one- 
layered. (2) Histoquantitatively, the majority of the cells (71.1 + 0.46% 
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in our material) were of basal-cell type and attached to the dermo- 
epidermal junction. This means, in fact, that an abundant quantity of 
the IFE cells are undifferentiated. (3) Stratum spinosum is lacking. 
(4) Rete mapighii is lacking. (5) Intercellular spaces and intercellular 
bridges between basal cells are lacking. 

In fulfilling their biologic duties, the parental epidermal cells continuously 
multiply at the same time that the daughter cells are approaching the 
cutaneous surface and changing to horny material. This differentiation 
process of epidermal derivatives is called keratinization (22). Differen- 
tiation of the epidermal cells has been said to be initiated by the increase 
in intercellular adhesion as a result of the appearance of intercellular 
cement of low electron density. This information, however, emanates 
from electron microscopic studies on the multilayered epidermis, 7.e¢., in 
the hair and feather follicles, and in the rat and human epidermis, in 
which we see nucleated cell streams at various stages of differentiation 
(10). The hypothesis is not applicable to the IFE of the back of the 
adult mouse, since it is essentially one-layered. It is more reasonable 
to believe that the keratinization is an inherited characteristic of the 
epidermal derivatives. 

Epidermis is ranged in the group of “primary polyptychic holocrine”’ 
tissues (23), signifying that all the cell substance is separated out or 
destroyed. The IFE of the back of the adult mouse is beautifully repre- 
sentative of this. The parental cells [viz., vegetative intermitotics; see 
terminology in (24)] in IFE remain at the dermoepidermal junction and 
do not keratinize. Immediately after division of the parental basal cells, 
the secreted daughter cells, viz., fixed postmitotics, lose their nuclei and 
continue differentiation. If this peculiar holocrine function of the IFE 
of the mouse is taken into account, the matter also can be interpreted so 
that in all hyperplastic conditions, in which the originally, chiefly one- 
layered IFE is thus changed into a multilayered structure and in which 
keratinization and desquamation has not appropriately occurred, some 
kind of delayed maturation of epidermal daughter cells must always be 
involved. We consider that all these particular facts are extremely delicate 
for analyzing the tumorigenic phenomena in general and those connected 
with differentiation (keratinization) in particular. 
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PLATE 19 


Fiavre 1A.— Mouse #9632. Light microscopic view of dorsal skin of newborn anima! 
about 12 hours of age. Epidermis is thick and stratified; pilosebaceous apparatus 
rudimentary or lacking. Hemalum and eosin. 630 


123.—Mouse #9575, male. Light microscopic view of interfollicular epidermis (IFE) 
of the back of the normal mouse. There is, practically, only one layer of cells 
of basal-cell type (ef. text). Dermoepidermal junction slightly undulating. 
Hair follicular eyele: catagen. Hemalum and eosin. > 630 


Fravre 2.—Same animal as in figure 1B. Low-power electron microscopic view of 
IFk. The appearance is in accordance with the light microscopic one. Dermo- 
epidermal junction is indicated by dej; tonofilaments (¢f), some of them adhered 
to the nuclei (m7); numerous mitochondria (m) in the perinuclear halo; some of the 
desmosomes (d) arranged ‘‘tangentially,’’ some ‘“‘dentately’’; abundant keratohya- 
line granules (kg); stratum corneum composed of several lamellas. Nole lack of 
intercellular bridges between basal cells. No rete malpighii. Hair follicular eyele: 
eatagen. 10,000 
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PLATE 20 


Provre 3.— Mouse #8923, male. An electron micrograph illustrating the structure 
of dermoepidermal junction (dej) and of cell boundary folds (cb). Nucleus (n), 
desmosomes (d), mitochondria (m); in dermis cross-sectioned collagen (col) bundles. 
Hair follicular evele: catagen. 50,000 


Ficure 4+.—-Mouse #9821, male. A high-power electron micrograph of dermoepi- 
dermal junetion. Intraeytoplasmic tufts of fine tonofilaments (/f) anchoring the 
internal basal face of the cell boundary. Basement attachment device (bad), 
basal-cell boundary (cb), intermediate dense layer (/dl), “empty’’ zone (ez), amor- 
phous, dense contact layer (adel). Hair follicular eycle: telogen. 160,000 


Fieure 5.--Mouse #8949, male. Same organelle as in figure 4. The electron optie 
appearance otherwise the same, except that the eyvtoplasm is more granular without 
tonofilaments. Hair follicular evele: telogen. © 132,000 


Fieure 6.— Mouse #9592, female. Same organelle as in figures 4 and 5, but the level 
of section was more tangential. Collagen (col) showing typical periodie banding. 
Hair follicular evcle: anagen. 112,000 
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PLATE 21 


Fieurr 7.—Mouse #9593, female. Tangential section from the medium level (or 
beneath it) of the basal-cell body: striking and high-degree folding of the cell 
boundary (cb); nueleus (m), and a number of mitochondria (m). Hair follicular 
eyele: anagen, 53,000 


Fieure 8.—-Mouse #9592, female. Nearly tangential cross section from the level of 
the dermoepidermal junction. High-degree folding of basal-cell boundaries (cb), 


basement attachment devices (bad), amorphous, dense contact layer (adel). In 
the corium a number of collagen (col) bundles showing typical periodie banding. 
Hair follicular eyele: anagen. 47,000 
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PLATE 22 


Ficure 9.—High-power detailed view from figure 3. Nucleus (n), longitudinally 
stretched tufts of tonofilaments (/f), folding of cell boundaries (cb), desmosomes (d) 
with bundles of tonofilaments arranged along “‘lines of forces’? (arrows). Hair 
follicular cycle: catagen. X 70,000 
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PLATE 23 


Electron micrograph demonstrating in sagittal 
Cytoplasmic 


Fievre 10.—Mouse #8952, male. 
section the boundary between two or three adjacent basal cells. 
fingerlike projections (pr) worm into corresponding passages of neighboring cells 

(if). Hair follicular cyele: 


mitochondria (im), and tonofilaments 


70,000 


Nuclei (n), 
catagen. 
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PLATE 24 
Fraure 11.—Mouse #8923, male. Electron micrograph of cross section through the 
upper pole of basal cells. Striking high-degree folding of cell boundaries (cb). Desmo- 
somes (d), tonofilaments (/f) arranged in bundles, mitochondria (im). 
evele: anagen. 


Hair follicular 
42,000 


Freure 12.—Mouse #8949, male. 


Electron micrograph obtained from the basal 
portion of two closely situated cells. 


Cell boundary (cb), nucleus (n), three mito- 
chondria (m) showing typical ‘double membranes. 
95,000 


Hair follicular cycle: telogen. 


350 

| 
4 


‘NAL OF THE NATIONAL CANCER INSTITUTE, VOL, 24 PLATE 24 


SLYTALA £7’ AL, 


351 


SETALA et al. 


PLATE 25 


Friaures 13 to 15.— Mouse #8949, male. Hair follicular eyele: telogen (fig. 13), #8921, 
male; telogen (fig. 14), and #9135, female; ecatagen (fig. 15). High-power electron 
micrographs illustrating the delicate ultrastructure of three desmosomes situated at 
different levels of the epidermis. Cell boundaries (cb), intercellular contact layer 
(icl), intermediate dense layers (¢dl), and bundles of tonofilaments (if). Note that 
the ultrastructure of the attaehment organelles is in principle the same in all animals 
in the study. The actually differing feature (cf. text) is that the tonofilaments and 
the electron-dense particulates (? precursors to tonofilaments) seem to be ranged 
along the “lines of forees’’ (arrows) caused by stretching of the cells. Figures 13 
and 14: 232,000; figure 15: 140,000 


Frovure 16.--Mouse #8921, male. Electron micrograph showing stratum granulosum 
and stratum corneum, Weratohyaline granules (kg), a few granular bodies (gb), 
desmosomes (d), and remnants of mitochondria (m). Stratum corneum is composed 
of 5 to 8 different detached lamellas, in the lowest of which there are vacuoles (v) of 
various sizes and shapes, and immature keratogeneous matrix. Hair follicular 
evele: telogen. < 25,000 
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V. Ultrastructural Alterations in Mouse Ep- 
idermis Caused by Span 60 and Tween 60-Type 


Agents 


KAI SETALA,* LAURI MERENMIES,’ LEO STJERN- 
VALL,* MAURI NYHOLM,‘ and De- 


partment of Pathology and Institute for Electron Mi- 
croscopy, University of Helsinki; and Department of 


SUMMARY 


Electron microscopic studies of the 
same material that previously had been 
analyzed histoquantitatively and by 
light microscopy demonstrated that all 
laboratory-synthesized products de- 
rived from Span 60 (sorbitan mono- 
stearate) brought about a special *“*Span 
60 effect’? in the interfollicular epider- 
mis (IFE) of the back of the mouse. 
Correspondingly, all products of Tween 
60 type (polyoxyethylene sorbitan 
monostearate), which were obtained 
by adding, on an average, 20 units of 
ethylene oxide to these Spans, caused 
the “Tween 60 effect.”” These two 
effects essentially differed from each 
other in both electron microscopic and 
light microscopic studies. All Span 60- 


Chemistry, Institute of Technology, Helsinki, Finland 


THE AIM of the present electron microscopic study, based on the pe- 
culiar ultrastructure of the interfollicular epidermis (IFE) of the back 


type agents caused an accumulation of 
electron-dense material in the cyto- 
plasm of basal cells, but no IFE hyper- 
plasia. All Tween 60-type agents in- 
duced a high-degree IFE hyperplasia 
that lasted as long as the treatment. 
The daughter cells were cast off from 
their basal parents in a too-early stage 
of their maturation. This led to a 
consecutive, (i.e., secondary, and non- 
specific delay in maturation of the epi- 
dermal cells. Simultaneously, cells in 
differentiation increased in amount. 
Except for the basal cells, all other cells 
in IFE hyperplasia caused by Tween 
60-type agents were nonviable—doomed 
to die by differentiation.—J. Nat. Can- 
cer Inst. 24: 355-385, 1960. 


of the adult normal mouse (/), was to demonstrate that all laboratory- 


synthesized products derived from 


Span 60 (sorbitan monostearate)- 


type agents caused alterations in the IFE characteristic of the effect of 
the model compound (“Span 60 effect’”’) and, correspondingly, that 
all products of Tween 60 (polyoxyethylene sorbitan monostearate) type 
brought about changes characteristic of this effect. 
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Our earlier light microscopic studies on the same (2, 3) and related 
(4-6) materials have shown that the hyperplastic changes in the IFE 
caused by Tween 60-type agents and oleic acid (2) are qualitatively non- 
specific and, for instance, are like changes that mere water-painting of 
the skin will cause (5). But, they deviate from these quantitatively 
in that the hyperplastic state is lower and maintains as long as the treat- 
ment is continued. 


MATERIALS AND METHODS 


The experimental material was the same as in our previous light 
microscopic studies (2, 3). Thus the back of the mice was painted 6 
and 12 times a week, 7.e., once and twice a day, with the compounds 
named. 


The following products represent Span 60 type: 


. Technical (t.) Span 60 (Atlas Powder Co., Wilmington, Del.) 
. Laboratory-synthesized (s.) Span 60 (sorbitan monostearate) [7] 
3. 1,4-Sorbitan monostearate 
. 1,4-Sorbitan distearate 
. 1,4-Sorbitan tristearate 
. 1,4,3,6-dianhydrosorbitol monostearate 
. 1,4,3,6-dianhydrosorbitol distearate (7) 
Products #1 and #2 were: about 0.18 m fine dispersions in water; and products #3 


through #7 were: about 0.18 m fine dispersions in undiluted Carbowax 400 (Carbide 
and Carbon Chemicals Co., New York, N.Y.). 


The following products represented Tween 60 type: 


. Technical (t.) Tween 60 (same manufacturer as indicated in 1) 

. Laboratory-synthesized (s.) Tween 60 (polyoxyethylene sorbitan monostearate) (7) 
. Polyoxyethylene-1,4-sorbitan monostearate 

. Polyoxyethylene-1,4-sorbitan distearate 

. Polyoxyethylene-1,4-sorbitan tristearate 

. Polyoxyethylene-1,4,3,6-dianhydrosorbitol monostearate (7) 


Products #8 through #13 were: about 0.18 m aqueous solutions. 

We have previously shown that the hair follicular cycle in this strain 
of mice did not effect the hyperplastic response in IFE characteristic 
of Span- and Tween-type agents (4, 5). For control purposes, the phase 
(anagen, catagen, or telogen) of the hair follicular cycle in the present 
material was also determined [technique in (5)]. 

As in all our previous studies (2, 3) the compounds were administered 
by painting the treatment area. An excess of solution was avoided and 
special care was taken not to wet the fur. When compounds are applied 
in drops, part of the agent comes in contact with the fur and remains 
there for days. From the hair, the substance has continuous access to 
the actual site of treatment, even if the dropping is performed only once 
or twice a week. Furthermore, the excess of compound in the fur easily 
becomes infected, because non-ionic surfactants with long-chain fatty 
acids, especially Tweens, are excellent nutrient media for many micro- 
organisms and molds (8, 9). The result is a more or less distinct cuta- 
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neous inflammation with consecutive epidermal hyperplasia (/). 
electron microscopic technique appears in (/). 


RESULTS 


Span 60-Type Compounds (#1 to #7) 
Light Microscopy 


On the same material (2, 3) it has been demonstrated by this method 
that the effect of compounds #1 through #7 on mouse IFE were in 
accord. Hyperplasia did not occur, although the thickness of IFE was 
increased to some extent. The cytoplasm of the basal cells was denser 
than normal, and intracellular edema did not develop. The cell bound- 
aries were difficult to distinguish, or not visible, and there were neither 
intercellular spaces nor intercellular bridges between basal cells (“Span 
60 effect’). 

Electron Microscopy 


First it proved that, insofar as light and electron microscopic appear- 
ance can be compared, related IFE alterations were established by both 
techniques and, second, that all products of this group caused similar 
changes on the IFE. Therefore the effects of compounds #1 through 
#7 are discussed together. 

Figure 1 is a low-power electron micrograph of IFE on the 2d day 
of the experiment, in a mouse treated with t. Span 60, 12 times a week. 
The electron optical appearance, essentially differing from that in nor- 
mal IFE [ef. fig. 2 in (1)], illustrates the alterations typical of “Span 60 
effect.” Characteristic is an electron density of cytoplasmic material 
and of nuclei of the basal cells. In addition, the cytoplasm contains an 
increased amount of electron-dense filaments and/or fibrils. The elec- 
tron density of the basal cells is higher in comparison to that of dermis 
and stratum granulosum in the same electron micrograph, the density 
of the latter being about the same degree as in corresponding portions 
of the untreated skin. From figure 1 it appears that IFE is not hyper- 
plastic. Nucleated cells lie in one layer and are attached to the dermo- 
epidermal junction, the appearance of which is normal, even if slightly 
undulating. Numerous mitochondria are located in the perinuclear halo 
of the cytoplasmic organelles. Boundaries between adjacent basal cells 
are difficult to distinguish. There are no intercellular spaces or inter- 
cellular bridges between basal cells. The following details deserve special 
mention: 

Cell surface-to-cell surface contact.—Alterations after treatment with 
Span 60-type agents were demonstrable as early as the 2d day. According 
to the impression furnished by figure 1, the cell boundaries were in 
extremely close contact with each other. The deeply folded borders 
of adjacent basal cells ran intimately parallel, and cytoplasmic projections 
or pseudopodia wormed into the corresponding passages of the adjacent 
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cells, as in normal IFE. There were no intercellular spaces between 
basal cells. Correspondingly, intercellular bridges were not observed. 
Figure 2 shows the basal and middle levels of IFE in a mouse treated 
with s. Span 60, 6 times a week, for 30 days. This electron micrograph 
also demonstrates that the actual dermoepidermal junction was nearly 
normal. The layered ultrastructure of the attachment devices previously 
described and characteristic of normal IFE were discernible (ef. figs. 2 
and 4; s. Span 60, 6 times a week, 10th day). Adjacent basal cells 
were joined together by tangential desmosomes in the same manner as 
normal basal cells, and the next cells to disintegrate were united by dentate 
desmosomes. The ultrastructure of the layered intercellular component 
of the desmosomes was the same (fig. 9; t. Span 60, 12 times a week, 
2d day) as in normal IFE [ef. figs. 13-15 in (1)]. Intracellular compo- 
nents, 7.e., the paired counterlacing tufts of tonofilaments anchored to 
the internal surface of the cell boundaries were altered at different degrees. 
In places, where the changes could be considered slight, tonofilaments 
gathered into coarser fibrils. In other sites where the alterations were 
more pronounced, the number and/or amount of fibrous material was 
considerably increased (fig. 7; t. Span 60, 12 times a week, 2d day). In 
addition, cytoplasmic filaments sometimes had coalesced to form keratin- 
like matrix, which appeared as a highly electron-dense zone along the 
cell periphery in the vicinity of the desmosomes in the basal cells (fig. 5; 
s. Span 60, 6 times a week, 30th day). Furthermore, the appearance was 
accentuated by the desmosomes—with these altered varieties of their 
cytoplasmic components—because they were closer to each other, in 
consequence of the decreased cytoplasmic volume. Occasionally, in 
extreme instances, the desmosomes were arranged in a chainlike manner 
(figs. 7 and 8; 1,4-sorbitan monostearate in Carbowax 400, 6 times a week). 
Electron dense keratin-like material was also demonstrable within the 
filamentous components of the attachment devices at the dermoepidermal 
junction. Figure 3: 1,4,3,6-dianhydrosorbitol distearate in Carbowax 
400, 6 times a week, 6th day; figures 4 and 5, s. Span 60, 6 times a week, 
30th day; and figure 6: 1,4-sorbitan monostearate in Carbowax 400, 
6 times a week, 6th day, present electron micrographs of basal portions 
of basal cells and/or the dermoepidermal junction of 4 different mice. 
Cytoplasm.—In the cytoplasm of the basal cells in all mice, a high- 
degree increase of fibrillar, electron-dense ultrastructure was demon- 
strated, as well as an accumulation or formation of electron-dense keratin- 
or prekeratin-like material (figs. 3 and 6). This in particular concerned 
the cytoplasmic periphery (fig. 5). Electron-dense material was also 
seen in the perinuclear halo of cytoplasmic organelles. The nuclei were 
somewhat decreased in size. In numerous electron micrographs it was 
also possible to distinguish various stages of formation of keratin- or pre- 
keratin-like materials as a result of the cementing of filamentous and 
fibrous ultrastructures and their merging into larger formations. Figure 
3 illustrates this occurrence. Figure 6 shows how innumerable delicate 
electron-dense tonofilaments merge into larger pills or fasciculi. The 
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granularity of the cytoplasm lying next to the electron-dense areas was 
extremely poor or almost nonexistent, like that adjacent to the desmosomes 
(figs. 7 and 8). It appeared further that the cytoplasmic changes were 
independent of the duration or frequency of the treatment since the same 
alterations were seen in the series treated 6 and 12 times a week. 

Stratum granulosum and stratum corneum.—Both these layers were of 
nearly normal appearance—perhaps the thickness of both had slightly 
increased. The ultrastructural changes in IFE developing after treatment 
with Span 60-type agents were independent of the phase of the hair 
follicular cycle. 

Carbowax 400 


Undiluted Carbowax 400 was used as dispersing medium for water- 
insoluble compounds #3 through #7. 


Light Microscopy 


Alterations in IFE resembled those caused by Span 60-type agents (3). 
Continuous treatment with Carbowax 400 resulted in a slight thickening 
of IFE on the 6th day; IFE hyperplasia did not develop. The boundaries 
between basal cells were indistinct; neither intercellular spaces nor inter- 
cellular bridges were seen. 


Electron Microscopy 


The general electron microscopic appearance conformed to the light 
microscopic appearance obtained on the same material (3). Figures 10 
and 11 represent electron micrographs of two different mice treated with 
this compound. 

Cell surface-to-cell surface contact.—In figure 11, a section on the sagittal 
plane, the close contact between adjacent cells is seen. Between basal 
cells no intercellular spaces were distinguishable, nor, accordingly, did 
intercellular bridges occur. The ultrastructure of the dermoepidermal 
junction stood out as normal. As a result of the decreased cytoplasm of 
the basal cells, the desmosomes had been forced into closer contact. In 
places the desmosomes were so close to each other that they created a 
chainlike appearance. At the same time, the intracytoplasmic tufts of 
tonofilaments anchored to the internal faces of the desmosomes were 
electron-dense and closely situated in relation to each other. 

Cytoplasm.—Carbowax 400 treatment also brought about changes in 
the cytoplasmic ultrastructure. Due to the chainlike location of desmo- 
somes and decreased cytoplasmic volume, the cell periphery in particular 
appeared more electron-dense. In addition, in many places, electron- 
dense keratin- or prekeratin-like material was distinguishable. Further- 
more, there was also electron-dense material in the perinuclear halo of 
the basal cells (fig. 11). The nuclei and mitochondria were of normal 
ultrastructure. 

Stratum granulosum and stratum corneum.—Changes occurred in both 
layers, which indicated both an increase and a somewhat disturbed 
keratinization (fig. 10). 
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Tween 60-Type Compounds (#8 to #13) 


Light Microscopy 


On the basis of the same material (2, 3) it has been demonstrated that 
compounds #8 through #13 had the same effect on IFE. High-degree 
IFE hyperplasia immediately developed, which was of the “simple,” 
regular type, and was maintained as long as the treatment was continued. 
It was as powerful in all places over the treated area. IFE hyperplasia 
was further characterized by enlarged cells and nuclei, detachment of 
cells from the parental basal cells, and from each other, appearance of 
wide intercellular spaces or gaps, development of intercellular bridges 
between basal cells, and an increased percentage of differentiating cells 
(cf. also 4-6). Highly characteristic was the development of intracellular 
edema. The “Tween 60 effect” essentially differed from that produced 
by Span 60-type compounds. 


Electron Microscopy 


First, it was demonstrated that with light and electron microscopy the 
IFE alterations were related and, second, that all products of this group 
caused the same effects. For this reason the effects of compounds #8 
through #13 are discussed together. 

Figure 12 is a low-power electron microscopic view of highly hyper- 
plastic IFE, on the 2d day, in a mouse treated with polyoxyethylene-1,4- 
sorbitan distearate, 6 times a week, which demonstrates changes char- 


acteristic of the effect of Tween 60-type agents. Nucleated cells lie in 
several layers. The cytoplasm appears finely granulated, even in cells 
with a fairly superficial location; accordingly, there is an infinitesimal 
amount of cytoplasmic fibrils. Intercellular spaces are relatively wide in 
the basalmost and middle layers. This micrograph also shows develop- 
ment of various types of intercellular bridges. 

Cell surface-to-cell surface contact.—This essentially differed both from 
the normal IFE and that after treatment with Span 60-type compounds. 
Basal cells (figs. 12 and 18: s. Tween 60, 12 times a week, 30th day) and 
nucleated cells located higher up (e.g., fig. 13: polyoxyethylene-1,4- 
sorbitan distearate, 6 times a week, 6th day, and fig. 14: s. Tween 60, 
6 times a week, 6th day) were separated from each other by wide inter- 
cellular spaces, whose size was widest in the vicinity of the dermoepidermal 
junction (fig. 16: s. Tween 60, 12 times a week, 2d day, and fig. 18) and, 
consequently, narrower in the more superficial layers (fig. 15: polyoxy- 
ethylene-1,4,3,6-dianhydrosorbitol monostearate, 6 times a week, 6th day). 
The intercellular spaces in the hyperplastic IFE were demonstrable in 
all slides of the material during the whole experimental period. In mice 
treated 12 times a week the intercellular gaps often communicated with 
the dermoepidermal junction (fig. 16). Formation of intercellular spaces 
resulted in development of intercellular bridges. Figures 13, 14, 15, and 
20 (s. Tween 60, 12 times a week, 16th day) illustrate various types of 

; intercellular bridges at different stages of development. Their sites were 
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predetermined by the original location of desmosomes, but, the length, 
shape, and diameter of the bridges were determined by the size of inter- 
cellular spaces. When these spaces formed, the adjacent cytoplasmic 
portions located on both sides of the desmosome were stretched out. On 
vast extension, true intercellular bridges developed, in the middle of which 
a desmosome was located which formed the node of Bizzozero. The final 
position of the desmosome in individual bridges depended on the direction 
of the extension to which the cell or part of it was subjected. The first 
sign of the formation of intercellular bridges was the appearance of inter- 
cellular gap(s). Simultaneously, highly electron-dense granular aggre- 
gates and/or fibrils anchored to the cytoplasmic faces of the desmosome 
were seen. These were oriented along the assumed stretching lines. 
Side by side all different types and stages of development of intercellular 
bridges could be observed—even in connection with one and the same 
cell. Text-figure 1 presents the various types of intercellular bridges. 


Text-F1GuRE 1.—Sketch illustrating development of intercellular spaces and inter- 
cellular bridges. A, B, and D: normal contacts between adjacent basal cells in 
mouse interfollicular epidermis. C and E through H: formation of intercellular 
bridges. J: fully developed intercellular “‘overstretched”’ bridge. 
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In several places, especially in mice treated 12 times a week, the inter- 
cellular gaps were so extensive that they ruptured the intercellular 
bridges, e.g., figure 14. The rupture occurred in either of the cytoplasmic 
parts of the overstretched bridge. The desmosome itself, with a normal 
ultrastructure, was located in either of the bridgeheads. In accord with 
the wider intercellular gaps, intercellular bridges located in the lowest 
layer were longer and narrower. In the more superficial layers of hyper- 
plastic IFE, in which intercellular spaces also were narrower, there were 
no bridges or they were correspondingly shorter and wider (fig. 15). The 
stratum corneum and, partly, the stratum granulosum, generally did not 
contain intercellular bridges, but remnants of desmosomes were usually 
distinguishable. The dermoepidermal junction appeared to have normal 
ultrastructure (figs. 16 and 17: s. Tween 60, 12 times a week, 30th day). 

Cytoplasm.—The ultrastructure of the cytoplasm in cells of hyper- 
plastic IFE also differed from that in normal IFE, but particularly from 
that in the Span 60 series (figs. 13 to 15, and 20). In the basal cells, i.e., 
in cells attached to the dermoepidermal junction, the cytoplasmic electron- 
dense particulates were rather uniform in size and regularly and densely 
packed, but in cells situated higher up, in the basalmost and middle 
layers, the granules varied in size and shape and were unregularly and 
widely scattered. Light microscopy of paraffin-embedded sections 
showed intracellular edema and/or appearance of true vacuoles, especially 
in the perinuclear halo, which is highly characteristic of the Tween 60 
effect. This occurrence was verified by electron microscopy, ¢.g., figure 
15. So, in the cytoplasm of cells situated in the lower and middle layers 
of the hyperplastic IFE, distinctly outlined vacuole formation of about 
1000 to 5000 A in diameter was distinguishable. In the basalmost and 
middle layers, cytoplasmic fibrous and filamentous formations occurred 
to an infinitestimal degree. In places, however, fibrillar material was 
observed, the arrangement of which was directed along the longitudinal 
axis of the cell. Like the cytoplasm, the number and size of the nuclei 
appeared larger than normal, which was true of the same material when 
examined by light microscopy. Nucleated cells occurred in several 
layers. The longitudinal axis of the nucleus was directed along the 
cellular one—in the lower layers fairly vertically against the dermo- 
epidermal junction, and in the superficial layers in the direction of the 
cutaneous surface. Mitochondria in the basalmost cells were located in 
the perinuclear halo; in cells of the upper layers they were irregularly 
distributed. The ultrastructure of the mitochondria was of normal 
appearance (fig. 15). 

Stratum granulosum, in accord with the light microscopic appearance, 
was in most cases considerably thicker than in normal IFE. At the 
boundary between stratum granulosum and stratum corneum parakeratotic 
cells frequently occurred, in which the nuclei were either in various stages 
of disintegration or had disappeared. Figure 20 (s. Tween 60, 12 times 
a week, 16th day), in a beautiful fashion, demonstrates this type of cell, 
partly embedded in the still immature keratogeneous matrix. The 
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\eratinization process is evenly spread over the whole cytoplasm. Elec- 
‘ron-dense keratin- and prekeratin-like material occur as bundles and 
vifts twined into each other. Further, granules of various sizes and 
‘srger more electron-dense conglomerates are discernible. Stratum 
-orneum was also thicker than in normal IFE. Usually it was composed 
»| keratogeneous matrix and lamellas in various stages of maturation. 

The phase of the hair follicular cycle had no detectable effect on the 
‘trastructure of the hyperplastic alterations in IFE caused by treatment 
vith Tween 60-type agents. 


DISCUSSION 


The present electron microscopic study, on the same material which 
previously was analyzed histoquantitatively and by light microscopy, 
demonstrates that all products (compounds #2 through #7) derived from 
Span 60 (sorbitan monostearate, #1)-type agents cause a special “Span 60 
effect” in the IFE of the back of the mouse. Correspondingly, all products 
(#9 through #13) of the Tween 60 type (polyoxyethylene sorbitan mono- 
stearate, #8), which were obtained by adding, on an average, 20 units of 
ethylene oxide to these Spans, bring about the ‘““T'ween 60 effect.’”” These 
two effects, examined by electron microscopy and light microscopy (ef. 2, 
3, 6), essentially differed from each other. 

The “Span 60 effect’”’—Corresponding with observations made by light 
microscopy, LFE hyperplasia did not develop, even after prolonged treat- 
ment. Intercellular spaces and intercellular bridges did not develop. 
Instead, the basal cells closely adhered to one another, their cytoplasm 
distinctly decreased in size, and the mutual contacts between adjacent 
basal cells largely increased. Furthermore, in the cytoplasm of these cells 
a highly electron-dense material of a different pattern accumulated, which 
is not observed in basal cells of the IFE of the back of the normal mouse. 
This material is always seen in superficial keratinizing layers of the epi- 
dermis, and is considered keratin and/or prekeratin [ef. definition of 
keratogenous material in (10, 11)]. Span 60-type compounds possibly 
bring about a gelatin-like transformation of the cytoplasmic macro- 
molecules. It is not necessary to discuss whether the effect is direct, 
indirect, or both. 

Carbowax 400 [a polyethylene glycol; average molecular weight 380— 
420 (3)], which in this study was used as a dispersing medium for some 
water-insoluble Span 60-type agents (#3 through #7), caused changes in 
IFE very similar to those provoked by Span 60 (#1 and #2). 

The “Tween 60 effect”.—A high-degree IFE hyperplasia immediately 
developed. Furthermore, the hyperplastic state was maintained as long 
as the treatment was continued. Depending on the increased mitotic 
activity of the basal cells [see (2-6)], new daughter cells were unremit- 
tingly secreted. The mutual contact between parental basal cells and 
secreted cells, as well as between the latter, decreased through develop- 
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ment of intercellular spaces or gaps. As a result, intercellular bridge: 
also were formed between basal cells, except in middle and upper layer: 
of the hyperplastic IFE. Thus cellular structures were developed whic] 
are not observed in the normal IFE of the back of the mouse [see (1)] 
The cytoplasm distinctly increased in size; especially characteristic wa: 
the intracellular edema [ef. (2-6)]. The cytoplasm of the secreted large- 
sized and edematous daughter cells, even in relatively superficial layers o 
the hyperplastic IFE, maintained its granular sol-like ultrastructure fo: 
a long time. Simultaneously, cells in various stages of differentiatio: 
were seen; sometimes even parakeratosis developed. Apparently thi 
effect of Tween 60-type agents is largely a direct one. 

Since IFE of the back of the normal adult mouse is peculiar in that it 
is essentially composed of one layer of nucleated cells of basal-cell type 
[light microscopic data in (2-6) and electron microscopic data in (1)], we 
have considered it evident that in all hyperplastic conditions, in which 
the mouse IFE is thus changed into a distinetly multilayered structure 
and in which keratinization and desquamation have not appropriatel: 
occurred in due time, some kind of delayed maturation of the epidermal 
daughter cells must always be involved (1). Consequently, IFE hyper- 
plasia caused by treatment with Tween 60-type agents belongs to this 
category as well. However, this particular condition is consecutive, i.¢., 
secondary in nature, rather than real—primary. Furthermore, it is 
nonspecific. The following chain of direct observations favors this fact. 
Our previous light-microscopic examinations and histoquantitative an- 
alyses have shown a highly increased mitotic activity in this IFE hyper- 
plasia; the percentage of mitoses may increase up to 20 times. But 
only the basal cells, which are fixed to the dermoepidermal junction, 
contain mitotic figures, whatever the degree of LIFE hyperplasia (2, 4, 6). 
All detached cells are unable to divide: They are colchicine-resistant [(5) 
and unpublished observations]. Except for the parental basal cells, all 
other cells in IFE hyperplasia brought about by Tween 60-type agents 
are, in fact, nonviable, 7.e., true fixed postmitotics [ef. (1)], or doomed to 
die by differentiation. Histoquantitative analyses further confirmed that 
the percentage of cells in differentiation significantly increases (2, 4-6). 
In epidermis, differentiation actually means keratinization and desqua- 
mation of dead horny material in the final stage. 

The situation is, however, completely different when the mouse skin is 
treated with 0.06 y of 7,12-dimethylbenzlajanthracene or 3-methyl- 
cholanthrene (2) or when initiation with carcinogen precedes treatment 
with Tween 60-type agents. Mitotic figures are observed, except in the 
basal-cell layer and in the succeeding layers of the hyperplastic IFE 
2, 5, 6), in spite of the fact that the percentage of mitoses was lower (4). 

Hyperplasia in the IFE of the back of the mouse like that caused by 
treatment with Tween 60-type agents can be brought about by merely 
painting the skin with water [(7, 5) and unpublished electron microscopic 
data]. However, this hyperplasia is low-degree and temporary, and 
rapidly regresses in spite of prolonged treatment; but IFE hyperplasia 
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sed by treatment with Tween 60-type agents is high-degree and 
iains as long as the treatment is continued. 

‘he next paper in this series will discuss the effect of locally applied 
-inogen on the mouse IFE (a real delayed maturation) from the electron 
‘roscopic point of view. 
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PLATE 26 


Ficure 1.—Mouse #7028: t. Span 60, 12 times a week, 2d day. Low-power electron 
microscopic view of total TFE of the back of the mouse. No hyperplasia. The 
ultrastructural appearance essentially differs from that in normal IFE [ef. fig. 2 
in (1)]. The cytoplasm of the basal cells is electron-dense and fibrillar. Dermis 
and stratum granulosum are of about normal density. Highly increased amounts 
of tonofibrils (4) and tonofilaments (tf). Nucleus (m); numerous mitochondria (m) 
closely packed in the perinuclear halo. Desmosomes (d) and keratohyaline gran- 
ules (kg). There are no intercellular spaces and intercellular bridges between basal 
cells. Cell boundaries (arrows) show high electron density and can hardly be dis- 
tinguished from each other. Cells on the top of basal cells are anucleated; their 
longitudinal axis is directed along the cutaneous surface. Dermoepidermal junction 
(dej) is of normal appearance. Hair follicular cycle: anagen. X 10,000 
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PLATE 27 


Ficure 2.—Mouse #7254: s. Span 60, 6 times a week, 30th day. An electron micro- 
graph showing basal portions of IFE. Neither intercellular spaces nor intercellular 
bridges are distinguishable. Cell boundaries appear as ‘double membranes” 
(arrows). Dermoepidermal junction (dej) is of normal ultrastructure. Tufts of 
fine tonofilaments (tf) anchor to the basement attachment devices (bad). In places 


electron-dense filaments or fibrils twisting into each other run along the cell pe- 
riphery (x). A nucleus (n), situated comparatively high, is seen at upper left; never- 
theless, the cell is attached to the dermoepidermal junction. Hair follicular cycle: 
anagen. 53,000 
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PLATE 28 


Figure 3.——-Mouse #8969: 1,4,3,6-Dianhydrosorbitol distearate in Carbowax 400, 
6 times a week, 6th day. An electron micrograph of middle level of nonhyperplastic 
IFE illustrating emergence of electron-dense keratin-like material in connection 
with tonofibrils (4) and tonofilaments (tf). This “keratinizing effect,’’ typical of 
Span 60-type agents, was independent of whether 1,4,3,6-dianhydrosorbitol, 1,4- 
sorbitan, monostearate, distearate, or tristearate was used. Hair follicular cycle: 
eatagen. 66,000 


Figure 4.—Mouse #7244: s. Span 60, 6 times a week, 10th day. High-power electron 
micrograph demonstrating the normal dermoepidermal junction (dej). Electron- 
dense granular material (0) in basal portion of the basal cell. Desmosome (d) of 


normal structure. Collagen bundles (col) in dermis. Hair follicular cycle: telogen. 
153,000 


Figure 5.—Same animal as in figure 2: s. Span 60, 6 times a week, 30th day. Nu- 
cleus (mn). Dermoepidermal junction (dej) of normal appearance. Accumulation 
of electron-dense keratin-like material (0) in basal portions of adjacent basal cells 
along cell periphery. Neither intercellular spaces nor intercellular bridges are 
visible. Hair follicular cycle: anagen. > 27,000 
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PLaTE 29 


Ficure 6.—Mouse #8961: 1,4-Sorbitan monostearate in Carbowax 400, 6 times a 
week, 6th day. An electron micrograph of the middle level of a basal cell in non- 
hyperplastic IFF, illustrating fibrillar transformation of the cytoplasmic material. 


Bundles of tonofilaments ({f) meshing with each other. 


A mitochondrion (m) of 
normal ultrastructure. 


Hair follicular cycle: telogen. X 84,000 
Ficure 7.—Mouse #7030: t. Span 60, 12 times a week, 2d day. Desmosomes (d) 
arranged in a chainlike manner as a result of decrease in cytoplasmic volume. 


Bundles of tonofilaments (¢f) run parallel with desmosomes. Hair follicular cycle: 
catagen. 81,000 


Fiaure 8.—Same animal as in figure 6. 


An electron micrograph showing the chainlike 
arrangement of desmosomes (d) between slightly scalloped cell boundaries. Tono- 
filaments (#f). >< 64,000 


Figure 9.—Same animal as in figure 7. High-powered electron micrograph demon- 
strating the normal ultrastructure of a desmosome [ef. figs. 13-15 in (1)]. > 186,000 
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Fiagure 10.—Mouse #8958: Carbowax 400, 6 times a week, 6th day. An electron 
micrograph of stratum corneum and stratum granulosum of nonhyperplastie IFE. 
Slight disturbances in keratinization. Tonofibrillar (4) and tonofilamentous (if) 
ultrastructures in many places conglomerated, not only in the vicinity of desmo- 
somes but elsewhere. Cell boundary (cb), desmosomes (d), mitochondrial (m) 
remnants, keratohyaline granules (kg). Hair follicular cycle: anagen. XX 38,000 


Figure 11.—Mouse #8957: Carbowax 400, 6 times a week, 6th day. An electron 
micrograph from basal portions of two adjacent basal cells. Neither intercellular 
spaces nor intercellular bridges. Tonofilaments (/f) increased in amount and, in 
places, confluent, forming electron-dense keratin- or prekeratin-like streaks, particu- 
larly in the cell periphery. Dermoepidermal junction (dej) of normal ultrastruc- 


ture. Nuclei (nm), mitochondrial (m) remnants. Hair follicular cycle: telogen. 
< 26,500 
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PLATE 31 


Frcure 12.—Mouse #9000: Polyoxyethylene-1,4-sorbitan distearate, 6 times a week, 
2d day. Anelectron microscopic view of high-degree hyperplastic IFE. Nucleated 
cells in several layers. Between cells in the lowest layers relatively wide inter- 
cellular spaces (is) and, consequently, different types of intercellular bridges. In 
the succeeding layers intercellular spaces are narrower, almost none between cells 
in more superficial layers. Note finely granulated cytoplasm in cells situated rela- 


tively high up. Tonofilamentous (tf) formation is searee and appears only in places. 
Nuclei (n), keratohyaline granules (kg), mitochondria or mitochondrial (m) remnants 
scattered in the cytoplasm. Hair follicular cycle: catagen. > 7,200 
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PLATE 32 


Figure 13.—Same animal as in figure 12: Polyoxyethylene-1,4-sorbitan distearate, 
6 times a week, 2d day. An electron micrograph from the middle level of high- 
degree IFE hyperplasia. Wide intercellular spaces (is). Intercellular bridges (ib) 

in different degrees of “stretching.”’ Nuclei (n); cytoplasm finely granulated; 


scattered vacuoles (v); tonofilament (tf) formation scarce; remnants of mitochondria 
(m); desmosomes (d).  X 23,000 
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PLATE 33 


Fieure 14.— Mouse #7189: s. Tween 60, 6 times a week, 6th day. An electron 
micrograph of the middle level of high-degree IFE hyperplasia. The mutual contact 
between adjacent cells is decreased and the contacts rest only by means of inter- 
cellular bridges (2b) which appear extended; some of the latter are ruptured (arrows) 


to extremely wide intercellular spaces (is). Desmosomes (d) form part (nodes of 
Bizzozero) from the actual bridge. Nucleus (xn). Cytoplasm is finely granulated; 
scattered tonofibrils (4) or tonofilaments (éf). Mitochondria (m) adhered in the 
perinuclear halo of eytoplasmic organelles. Hair follicular evele: catagen. > 12,000 
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PLATE 34 
Fieure 15.— Mouse #8981: Polyoxyethylene-1,4,3,6-dianhydrosorbitol monostearate, 
6 times a week, 6th day. An eleetron micrograph of the superficial part of high- 
degree IFE hyperplasia. Nucleus (m). Cytoplasm finely granulated. In places 
distinetly outlined vacuoles (v) of about 1600 to 3200 A in diameter. Mitochondria 
(m) of normal ultrastrueture. A few tonofilament bundles.  Distinet inter- 
cellular spaces (és). Hair follicular eyele: telogen. 60,000 
Figures 16 anp 17.— Mouse #7200 (fig. 16): s. Tween 60, 12 times a week, 2d day. 
Hair follicular evcle: anagen. Mouse #7230 (fig. 17): s. Tween 60, 12 times a week, 
30th day. Hair follicular evele: catagen. 


Eleetron micrographs from the normal 
dermoepidermal junction (dej) of two instances of high-degree [FE hyperplasia. 


A few fine tonofilaments (¢f) anchoring to the normal basement attachment devices 
(bad). Figure 16: * 62,000; figure 17: 79,000 


Figure 18.—Same animal as in figure 17. An eleetron micrograph from the basalmost 
layers of high-degree IFE hyperplasia illustrating the facet that the “Tween 60 
effeet”’ is independent of the treatment frequeney (whether 6 or 12 times a week) 
and time elapsed. Cf. figure 14 from a mouse in which treatment was given 6 times 
a week. 7,500 
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Fieure 19. Mouse #9550: t. Tween 60, 6 times a week, 2d day. An electron micro- 
graph illustrating various stages of keratinization. An anucleated parakeratotic 
cell (x) is seen, in which keratinization has oceurred over the entire cytoplasm: 
Fibrillar tufts twisted into a delicate meshwork. Keratohyaline granules (kg). 
‘Topmost lamella (7) of stratum corneum gives impression of being completely mature, 
subsequent lamella (2) is vacuolated, next two (3 and 4) are mature keratin, fol- 
lowed by more immature matrix (5). Hair follicular eycle: anagen. >< 24,000 


Fieure 20. Mouse #7224: s. Tween 60, 12 times a week, 16th day. An electron 
micrograph of the middle level of high-degree IFE hyperplasia. Nucleus (x). 
Cytoplasm finely granulated. WKeratohyaline granule (kg). Comparatively wide 


intercellular spaces (7s). Cytoplasmic components of adjacent cells attached to 
each other to form various types of intercellular bridges (7b), in which the desmo- 
somes (d) form the contact plaques (nodes of Bizzozero). Hair follicular cycle: 
catagen, 24,000 
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Glucose and Lactate Concentrations in Plasma 
of Chickens with Myeloblastosis and Erythro- 


blastosis 


CAROLINE BECKER, G. S. BEAUDREAU, and J. W. 
BEARD, Department of Surgery, Duke University Med- 
ical Center, Durham, North Carolina 


SUMMARY 


Studies on the glucose and lactate 
concentrations in plasma of normal 
chickens and of chickens with myelo- 
blastosis and erythroblastosis are de- 
scribed. The glucose level in the nor- 
mal birds was 13.0 + 1.9 umoles per 
ml. and that of lactate was 6.7 + 1.2 
umoles per ml. In chickens with either 
leukemia, the glucose concentration 
was maintained until about 24 hours 
before death when there was a rapid 
and profound decline to levels in the 
recorded range of 0.64 umoles per ml. 
in erythroblastosis and 2.9 uymoles per 


ml. in myeloblastosis. As the diseases 
progressed, plasma lactate rose to levels 
2 to 3 times the normal values. These 
changes in myeloblastosis were propor- 
tional to the volumes of packed primi- 
tive cells from the circulation but were 
not proportional in erythroblastosis. 
Thus, it seems probable that the de- 
cline in plasma glucose and the increase 
in lactate were related primarily to the 
disease in the total host rather than to 
specific activity of the circulating 
cells.—J. Nat. Cancer Inst. 24: 387=- 
394, 1960. 


IN EARLIER work, studies were made of the metabolic activity (1) of 
the circulating primitive cells of 2 virus-induced avian leukemias, myelo- 


blastosis and erythroblastosis. The results showed that with glucose 
utilization in vitro an accumulation of lactate occurred in preparations 
of the erythroblasts, but that, in contrast, the myeloblasts, even in the 
presence of glucose, utilized lactate in excess of that which could have 
been derived from the amount of glucose consumed. These findings have 
led to an investigation of glucose and lactate concentrations in the plasma 
of birds with myeloblastosis and erythroblastosis. As the results reported 
here show, major disturbances were observed in the lactate and glucose 
levels in the plasma of chickens in the advanced stages of both diseases. 


1 Received for publication June 15, 1959. 

2 This work was supported by research grants to Duke University from the American Cancer Society, Inc.; 
from the National Cancer Institute, National Institutes of Health, Public Health Service; and from the Dorothy 
Beard Research Fund. 


* Reported in part at the Fourth International Congress of Biochemistry at Vienna, Sept. 1-6, 1958. 
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BECKER, BEAUDREAU, AND BEARD 
MATERIALS AND METHODS 


Chickens.—White Leghorn chickens of line 15 (2), inbred for suscepti- 
bility to leukosis, were used in all of the studies. The normal birds used 
as controls in each experiment were from the same hatch of chicks as 
those inoculated with virus. 

Myeloblastosis.—The avian myeloblastosis was that induced by the 
BAI strain A virus (3). Chicks inoculated with the agent at the age of 
10 days (4) provided the material for the experiments. The course of 
the disease was followed by examination of stained blood smears made 3 
times a week. 

Erythroblastosis—The erythroblastosis virus used was the Engelbreth- 
Holm strain “R” (5). This was passed in chicks over 14 days of age (6), 
and the course of the disease was followed by blood smears. 

Plasma.—Daily glucose concentrations were observed with small sam- 
ples collected by wing-vein puncture in heparinized capillary tubes (7). 
The tubes were sealed at one end and centrifuged to remove the cells. 
The larger volumes of plasma needed for simultaneous glucose and lactic 
acid determinations were collected with heparin by cardiac puncture. 
Samples were stored at —20° C. 

Glucose.—All determinations of glucose were made by a colorimetric 
modification of the glucose-oxidase method (8) (Glucostat, Worthington 
Biochemical Corporation, Freehold, N.J.). A 10-\ sample of plasma was 
used for each determination, and the reaction was carried out directly in 
10 X 75 mm. Coleman spectrophotometer tubes. Only nonhemolyzed 
specimens were included, since hemolysis increased optical density and 
gave significantly higher glucose values. 

Lactate ——The concentration of lactate was determined by the method 
of Barker and Summerson (9). Samples of 0.5 ml. of plasma were col- 
lected from centrifuged blood and treated by the standard procedure to 
remove protein, dextrose, and other interfering substances. The result- 
ing protein-free supernatant fluids were assayed in duplicate. 

Packed-cell volumes.—The standard hematocrit tubes and procedures of 
Wintrobe (10) were used to determine the packed volumes of white and 
red cells. 


EXPERIMENTS AND RESULTS 


Plasma Glucose Levels in Normal and Diseased Birds 


In 64 determinations on 23 normal, nonfasting line 15 chickens 30 to 
50 days of age, the plasma glucose level was 13.0 + 1.9 umoles per ml. (234 
+ 34 mg. %). Studies on 5 normal chickens fasted for 72 hours did 
not reveal a significant decline in glucose concentration. 

The results obtained in repeated measurements of plasma glucose of 
chickens throughout the course of the disease of myeloblastosis or eryth- 
roblastosis are illustrated in text-figures 1 and 2, respectively. Until 
about 24 hours before death, the glucose levels in the diseased chicks were 
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pmoles GLUCOSE / mi. PLASMA 


13 
DAYS AFTER INOCULATION 


TEXT-FIGURE 1.—Concentration of glucose in the plasma of chickens with myeloblas- 
tosis. 


within the normal range. Afterward, there was a profound decline in 
glucose concentration in a pattern which was the same in both diseases. 
Text-figure 1 shows the data collected on 4 birds with myeloblastosis, and 
text-figure 2, those on 4 birds with erythroblastosis. 

Observations of the levels of glucose concentration in the late stages of 
the disease were made on 16 birds with erythroblastosis and 22 with 


pmoles GLUCOSE / mi. PLASMA 


13 15 


DAYS AFTER™INOCULATION 


Text-FiGURE 2.—Concentration of glucose in the plasma of chickens with erythro- 
blastosis. 
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myeloblastosis, in the interval of 12 hours before death. The mean de- 
cline in plasma glucose in the chickens with erythroblastosis was 10.5 + 
2.4 wmoles per ml. from the level of 12.6 + 1.1 wmoles per ml. observed 
in the same birds, 3 days before death. The analogous values in myelo- 
blastosis were 9.0 + 3.9 wmoles per ml. from a level of 13.3 + 1.5 umoles 
per ml., 3 days before death. Although food was available to the diseased 
chickens at all times, the intake was not comparable to that of normal 
chickens. Nevertheless, fasting, in itself, as indicated by the studies 
described, was not sufficient to produce significant reduction in plasma 
glucose concentration. 

The extreme hypoglycemia in the last stages of these diseases is re- 
vealed by the data of table 1, which show the status of glucose concentra- 
tion in individual chicks within 1 hour of death. 


TaBLeE 1.—Plasma glucose concentrations occurring in chickens 
with erythroblastosis and = within 1 hour of 
eath 


Erythroblastosis Myeloblastosis 


Bird u Moles per ml. Bird u Moles per ml. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


= & 


Relation of Glucose and Lactate Concentrations in Plasma to Packed 
White-Cell Volumes 


The pathologic changes in both myeloblastosis and erythroblastosis are 
widespread in tissues of infected birds, and no criterion is available for 
judging the extent or nature of the factors that might influence plasma 
glucose and lactate concentrations. However, a major phenomenon in 
both leukemias, particularly in myeloblastosis, is the large number of 
primitive cells in the circulation, which might be regarded as one index 
of the total involvement of the host. It was of interest to determine 
whether a relationship existed between the levels of plasma glucose and 
lactate and the concentration of primitive cells. Determinations of both 
glucose and lactate were made on the same specimens of plasma from 24 
birds with myeloblastosis, 7 with erythroblastosis, and, in the same series, 
5 normal chickens of approximately the same age. Selection of the 
hosts was made only on the basis of the concentration of circulating 
myeloblasts and erythroblasts, respectively, measured in terms of packed- 
cell volume. The results of the studies on glucose are shown in text- 
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TEXT-FIGURE 3.—Relation of plasma glucose concentration to the packed volumes of 
circulating white cells of normal birds and of circulating myeloblasts and erythro- 
blasts of birds with the corresponding disease (myeloblastosis or erythroblastosis). 


figure 3 and those on lactate in the plasma of the same chickens, in text- 
figure 4. 

In text-figure 3, it is seen that, in general, despite much variation, an 
inverse relationship exists between plasma glucose level and the concen- 
tration of circulating myeloblasts. Although, in most instances, a low 
glucose concentration was associated with a high concentration of these 
primitive cells, normal glucose values were sometimes seen under these 
conditions. 


= 

a 

oO 

< 

a 

© = Myeloblastosis 
© = Erythroblostosis 

o 5 10 15 20 2 30 3% 40 45 50 55 


ML. PACKED WHITE CELLS/I00 ML. BLOOD 


TEXT-FIGURE 4.—Relation of plasma lactate concentration to the packed volumes of 
circulating white cells of normal birds and of circulating myeloblasts and erythro- 
blasts of birds with the corresponding disease (myeloblastosis or erythroblastosis.) 
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There was no relationship between the volume of erythroblasts and 
glucose level in erythroblastosis. 

In contrast with these findings on glucose, there was a close direct 
relationship between plasma lactate concentration and the concentration 
of circulating myeloblasts. It is of some interest, though possibly not 
significant with the number of examinations made, that some of the birds 
with the lower cell volumes had lower than normal lactate concentrations. 
With considerable increase in cell volume, however, the lactate levels 
were greatly increased. 

Again, as with glucose, there was no relation between lactate level and 
the concentration of circulating erythroblasts. 


DISCUSSION 


In this work major disturbances have been observed in carbohydrate 
metabolism of chickens in the advanced stages of the avian leukemias, 
marked by accumulation of lactate and deficiency of glucose in the blood 
plasma. A similar state of low serum glucose concentration has been 
reported also in mouse leukemia (1/1). Evidence of other analogous 
disorders in leukemia of the chicken is the occurrence in myeloblastosis 
of high blood levels of Mg++ and K+, described in an earlier report (12). 
The degree of abnormality exhibited by these criteria of carbohydrate 
and salt metabolism appeared to be directly related to the concurrent 
stage of these diseases. In myeloblastosis, the number of primitive cells 
in the circulating blood likewise appeared to indicate the severity of the 
disease. 

The total basis for these blood dyscrasias is not yet clear. Both 
myeloblastosis and erythroblastosis are widely disseminated infectious 
processes. In addition to extensive pathologic involvement of the bone 
marrow and spleen, there exist, especially in myeloblastosis, the com- 
plications of overgrowth and crowding of the circulation by large numbers 
of malignant, primitive cells. In the most advanced state of myeloblas- 
tosis, these cells constitute an impediment to effective circulation in 
critical organs and tissues, such as the liver, bone marrow, and spleen. 
Of probable importance, also, is the large mass of actively metabolizing 
cells with direct access to the glucose and other nutrients of the circulation. 
A final complication contributing to metabolic aberration is the associated 
profound anemia. 

Whatever the influence of these various individual factors on carbo- 
hydrate metabolism may have been, there was no relationship of the carbo- 
hydrate level to the number of erythroblasts. In view of the findings in 
erythroblastosis, it seems entirely possible that the apparent relationship 
seen in myeloblastosis may have been an artifact, since the concentration 
of primitive cells may be only one index of the stage of disease in the 
individual birds. It seems reasonable to suppose that the large number 
of myeloblasts should have contributed greatly to the rate of glucose 
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extent of glucose decline was essentially identical in the two diseases. 

The observations on lactate were similar, in principle, to those on 
glucose, in that the abnormalities in plasma lactate concentration appeared 
to be related to the primitive-cell content in myeloblastosis, but not in 
erythroblastosis. Thus, again, there is the probability that the accumu- 
lation of lactate in myeloblastosis, although in part possibly related to 
the activity of the circulating myeloblasts, was actually a reflection of the 
total pathologic changes. 

These results, together with the observation (12) of high levels of 
Mg++ and K+, are of major importance in indicating deficiences and 
unbalance in the constitution of the blood plasma of birds with leukemia. 
This is of particular interest with respect to certain aspects of the findings 
with myeloblasts, by electron microscopic examination of ultrathin 
sections (13-15). Circulating myeloblasts are remarkably lacking in 
evidence of either intracellular virus or sites of virus involvement. In 
contrast, the same cells in tissue culture containing 50 percent or higher 
concentrations of serum in medium 199 uniformly exhibit not only virus 
particles but extensive evidence of virus synthesis (15). The results of 
the present work provide an experimental basis for the interpretation 
that the difference between the characteristics of the cells taken directly 
from the circulation and of those from such cultures may be dependent 
primarily on differences in the nutritive state of the circulating plasma 
and that of the tissue-culture medium. 

Furthermore, it has been observed in earlier work (1) that myeloblasts 
studied in vitro utilize lactate at a rate greater than that of removal of 
glucose from the medium, and thus are capable of oxidizing the lactate 
that is in the medium. It seems evident that in the host the metabolic 
activity of the myeloblasts may be either obstructed by lack of available 
glucose and oxygen or other dyscrasia or that they are unable to utilize 
excess lactate at the rate equivalent to its formation by the tissues of the 
total host. As indicated before, there is possible evidence, text-figure 4, 
that, in the presence of the lower concentrations of primitive cells in the 
circulation, the lactate levels may be below normal. This could be due to 
utilization of lactate from the plasma by the myeloblasts prior to major 
changes in the blood, though it is noteworthy that the method used for 
determination lacks sensitivity at these low levels of lactate concentration. 
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Virus of Avian Myeloblastosis. XIV. Neoplastic 


Response of Normal Chicken Bone Marrow 


Treated with the Virus in Tissue Culture ':? 
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SUMMARY 


Bone marrow of normal chickens, 37 to 
168 days of age, was isolated in culture 
and exposed to avian myeloblastosis 
virus. After an interval of 12 to 20 
days, there was evidence of change in 
the treated cultures as manifested by 
multiplication of cells with the char- 
acteristics of myeloblasts. With in- 
crease in growth of myeloblasts, there 
was an associated liberation of myelo- 
blastosis virus into the culture fluid. 
Wide variation was observed in the rates 
of cell multiplication and viral syn- 


A PROMINENT feature of virus-induced avian myeloblastosis is the 
accumulation, principally in the vascular bed of the diseased host, of large 


Duke University 


thesis from one culture series to an- 
other. The level of response could not 
be related to tissue-culture conditions 
nor to the age of the donors of the bone 
marrow. The ultrastructure of the 
cells was identical with that of myelo- 
blasts from the circulation in culture, 
showing evidence of the same series of 
structures related to virus synthesis. 
Transfer of the cells derived from bone 
marrow to normal chickens resulted in 
transmission of the disease.—J. Nat. 


Cancer Inst. 24: 395-415, 1960. 


numbers of primitive cells with the characteristics of myeloblasts (/, 2). 
These myeloblasts, which exhibit the behavior of malignant cells, arise, 
presumably, as the result of infection either of normal myeloblasts or of 
some hematopoietic progenitor of the cells. Typical virus particles have 
been seen in electron micrographs of ultrathin sections not only of myelo- 
blasts (3), under suitable conditions, but of reticulum cells in the spleen 
and bone marrow, in macrophages, and in endothelial cells (4) of the 
chicken. Despite the involvement of these elements, only the myelo- 
blast exhibits clearly the potentiality of malignancy in its rapid multi- 
plication in the host and in its apparent capacity to transmit the disease 
by cellular transplantation to a new host (2). 

The purpose of the present studies has been to determine whether cells 


1 Received for publication June 15, 1959. 
2 This work was aided by research grants to Duke University from the National Cancer Institute, National 
Institutes of Health, Public Health Service; from the American Cancer Society, Inc.; and from the Dorothy Beard 
Research Fund. 


from a normal chicken are susceptible to infection with the virus in vitro. 
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For this work, bone marrow was chosen as the test material. It has been 
found that treatment of cells from this source in tissue culture results, 
after a time, in the rapid growth of cells with characteristics and behavior 
indistinguishable from those in tissue cultures of myeloblasts (3) taken 
from the blood of chickens with the disease. The course of the activity 
of the cultured cells derived from normal bone marrow infected in vitro 
has been studied with respect to the growth characteristics of the cells, 
the liberation of virus into the culture fluid, and morphology of the cells 
as seen in electron micrographs of thin sections. The results of these 
studies are described in this paper. 


MATERIALS AND METHODS 


The myeloblastosis virus used in all experiments, both for treating the cul- 
tures and for bioassay, was the BAI strain A (5, 6). The source of the 
agent was 2 pools of plasma, K and HK, preserved under cracked dry ice. 
Immediately before use, the desired volume of plasma was thawed quickly 
and passed through Selas candles of 02 porosity (5). By direct count 
with the electron microscope,* pool K contained 2.5 < 10" virus particles 
per ml., anc ‘/:e analogous value for pool HK was 3.7 < 10" particles per 
ml. The respective values, calculated on the basis of the enzymatic 
activity (7) to dephosphorylate adenosine triphosphate, were 4.2 < 10" 
and 4.9 X 10". 

Bone marrow was obtained from apparently normal White Leghorn 
chickens of line 15 developed (8, 9) at the Regional Poultry Research 
Laboratory, East Lansing, Michigan. The chickens were hatched from 
eggs from the laying flock maintained at the laboratory at Duke. Birds 
of 2 age groups, 37 to 50, and 160 to 168 days old, respectively, were used 
as donors of the marrow. Sufficient material for an experiment was avail- 
able from 10 to 15 of the younger chickens or from 2 or 3 of those of the 
older group. 

The donor birds were killed by vertebral fracture. Under aseptic con- 
ditions the femoral and tibial bones were removed and split lengthwise, 
and the marrow was scraped out. All the material for a given experiment 
was suspended in 50 to 100 ml. of culture medium 199 (Microbiological 
Associates, Inc., Washington, D.C.), and the clumps were dispersed by 
vigorous pipetting. By centrifugation at 150 X g for 10 minutes, free cells 
were separated from the fat and other tissue, and a second yield was ob- 
tained by repetition of the treatment of the first lipide-tissue layer. A 
volume of about 0.2 ml. of packed cells could be recovered from each of the 
younger birds and about 1 ml. from those of the older group. 

The final yield of pooled cells packed by centrifugation was suspended in 
the culture medium, described later, to give a concentration of about 0.04 
ml. of cells per ml. Individual cultures were established with 5.0 ml. of 


3 The authors are indebted to Dr. D. G. Sharp for the direct counts of virus particles on these preparations. 
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the suspension in 50-ml. Erlenmeyer flasks which were then incubated at 
37° C. on a rotary shaker (10) oscillating at 70 cycles per minute. 

Fluid was changed on the cultures on the Ist or 2d day after prepara- 
tion, depending on the degree of acidity developed as judged by the color 
of the indicator (phenol red). All the cultures were pooled, and the cells 
were sedimented in one or two 50-ml. graduated centrifuge tubes spun at 
150 X g for 10 minutes. The cells, of a volume less than that initially 
present, were resuspended in fresh culture fluid to yield a concentration of 
0.04 packed cells per ml. of fluid. The suspension was then parceled in 
5.0-ml. lots to re-establish the cultures as before. 

Exposure of the cells to virus was carried out on the 3d day of culture. 
The cultures were again pooled, and the cells were sedimented and resus- 
pended at the concentration of 0.04 ml. per ml. of fluid. Cultures were 
prepared as before and divided into 2 groups. One group was kept as a 
control, and to each of the other cultures of 5.0-ml. volume, filtered virus 
plasma was added in the amounts indicated later. Thereafter, the fluids 
were changed by pooling the cultures of the respective groups, sediment- 
ing the cells, and resuspending them at 0.04 ml. cells per ml. fluid. Be- 
cause of the progressive disintegration of cells in this period, the number of 
cultures was reduced so that finally each group was represented by a single 
culture. The two cultures were then maintained with necessary fluid 
change until cell growth began in the treated culture. From then on, the 
growing cultures were divided when the total cell volume reached 0.1 ml. 
to yield daughter cultures of 0.01-ml. packed cells per ml. 

The culture fluid was chicken serum, obtained from White Leghorns of 
line 15 raised in the laboratory, in 50 percent concentration in medium 
199. Normal chicken serum has a glucose content (11) of about 0.23 
percent, and medium 199, as purchased, 0.1 percent. Glucose was added 
to medium 199 in 0.4 percent concentration; thus the final glucose content 
of the total medium was about 0.36 percent. Antibiotics were added in 
concentrations of 50 units penicillin and streptomycin at 50 ug. per ml. of 
whole medium. 

Examinations of the cultured cells were made from time to time in wet 
mounts, with trypan blue to distinguish viable cells (12) in stained smears, 
and in thin sections in the electron microscope. The technique used for 
thin sections was the same as that already described (3) for studying 
mr eloblasts from tissue culture. 

Virus particle number was determined by measurement of enzymatic 
activity to dephosphorylate adenosine triphosphate with the method de- 
veloped for application to tissue culture (7). 


EXPERIMENTS AND RESULTS 


Studies have been made thus far on 8 different preparations of bone 
marrow, over a period of 60 days or more. In two of the experiments, 
aliquots of the initial bone-marrow preparations were carried separately 
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after treatment with virus on the 3d day of culture. The protocols and 
results obtained in the series of experiments are summarized in table 1. 
The various data cited in table 1 may be clarified by description of the 
sequence of procedures and the results observed in two of the individual 
studies. Experiment 10258, the data of which are summarized graphically 
in text-figure 1, was initiated with bone marrow from 15 birds, 37 days of 
age. The yield of packed cells, largely red blood cells, was 3.0 ml., with 
which a total of 15 cultures was prepared. After 24 hours, all the cultures 
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TEXT-FIGURE 1.—The course of cell growth in experiment 10258 (table 1) is indicated 

in terms of the number of cultures (crosses) which would have been derived at the 

indicated interval from the single-base treated culture had all been retained. The 

accumulative number of virus particles (open circles) is that which would have been 

liberated by the calculated number of cultures. Culture fluids were changed and 

ATPase activity was measured at each interval indicated by the open circles. The 

closed circle indicates the total amount of virus used in treatment of the experimental 
cultures on the 3d day. The lines were drawn by sight. 


were pooled, and the cells were sedimented. Because of cell disintegration 
during this interval, the volume recovered was 1.8 ml., which yielded 9 
cultures. At the fluid change on the 3d day, there were sufficient cells 
for only 4 cultures. Of these, 2 were set aside as controls and to each of 
the other 2 was added 0.1 ml. of plasma pool K. The fluids were then 
changed at 1, 3, 5, and 7 days after treatment of the 2 cultures. Each 
time, the pair of treated and the pair of control cultures were pooled 
separately for centrifugation and the packed cells redivided to reconstitute 
the 2 cultures of each group. On the 7th day after the treatment with 
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virus (10 days, total culture) there were enough cells for only 1 culture of 
treated and 1 culture of control cells. Thus, at this time, only 2 cultures 
remained, each representing approximately 7.5 of the initial 15 cultures. 
The points of the graph represent the initial and derivative cultures of the 
treated series. The concentration of virus used for treatment of each of 
the 2 experimental cultures on the 3d day is indicated by the closed circle, 


Microscopic examination of both experimental and control cultures 
revealed, in the beginning, few cells resembling myeloblasts, and these 
and the red blood cells diminished steadily in number with the interval of 
culture. On the 20th day, however, a definite change was seen in the 
virus-treated culture, indicated by increase in the number of white cells. 
From this point, the rate of cell multiplication in the treated culture in- 
creased rapidly, and division of the culture was made on the 22d day after 
exposure of the cells to virus. The rate of growth thereafter was expo- 
nential as indicated by the linear logarithmic function through the points 
representing the numbers of derivative cultures. No growth was observed 
in the control culture, which required no change of medium after 17 days 
and was discarded after 65 days. 


The concentration of virus liberated into the medium of the treated 
culture did not reach a measurable level, 10° particles per ml., until the 
22d day, which was 2 days after the beginning of cell multiplication was 
first observed. The series of cultures has been carried for 120 days to 
yield the equivalent of 24.6 < 10* cultures and an amount of 6.3 X 10" 
virus particles from the single starting culture. This number of particles 
would constitute approximately 10 gm. of the hydrated agent. No 
ATPase activity was observed in the control culture in this experiment or 
in any of the other studies. 


Experiment 159 was carried out by procedures applied in the same 
general sequence as those of experiment 10258, but with marrow from 
birds 168 days of age. The course of cell growth and virus liberation 
is charted in text-figure 2. Of the 12 cultures at the beginning, 3 were 
available for virus treatment on the 3d day and 3 were kept as controls. 
Cell multiplication was evident in the treated cultures 9 days after expo- 
sure to virus. Virus was first detectable 3 days later, and division of 
the culture was possible 16 days after exposure to virus. In this study 
the growth rate of the cells was exponential for a time, after which the 
rate diminished abruptly without evident reason. 

In the 10 experiments with 8 different preparations of marrow, treat- 
ment with virus resulted in failure of cell response in only one study, 
659a. The experiment 659b, however, with an aliquot of material from 
the same source of birds and the same virus pool, resulted in a typical 
response characterized by cell multiplication and virus liberation. The 
virus of pool HK was fully as effective as that of pool K. 


The results were marked by large variations in cell response, for which 
the responsible factors are obscure. Experiment 10958, made 13 days 
later than 10258, resulted in a very small response in terms of cell multi- 
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TexT-FIGURE 2.—The results of experiment 159 (table 1), analogous to those of 
experiment 10258 shown in text-figure 1. 


plication, which may have been related to the low concentration of virus 
used for treatment. The age of the donor chickens likewise seemed unre- 
lated. The variation from one experiment to another could not be ex- 
plained on the basis of variation between cultures in a given experiment. 
Variation did occur between such cultures of a common derivation, but 
this was negligible, as will be shown in a report in preparation. 


Ultrastructure 


Efforts were made to follow, by examination of thin sections, the course 
of response of the normal cells to infection with the myeloblastosis virus. 
Because of the small numbers of tissue cellular elements in the prepara- 
tions of bone marrow, it was not feasible to identify and characterize 
cells which might have been expected to respond to the agent. In con- 
sequence, productive studies could be made only after infection was well 
established and the cells were multiplying at rapid rates. At this time 
the structural characteristics of the cells observed in thin sections were 
indistinguishable from those of myeloblasts from the circulation of dis- 
eased birds after culture in 50 percent or higher concentrations of serum (3). 

Without knowledge of the structure of the progenitors of the cells, 
there was no basis for distinguishing possible abnormalities concerned 
with the finer cytoplasmic constituents visible in the electron microscope. 
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No evidence was seen of unusual distribution or amount of ribonucleic 
acid granules or of the ergastoplasmic vesicles (13). The Golgi apparatus 
was not unusual and the mitochondria were numerous, some of normal 
but most exhibiting a somewhat swollen appearance. The proportion of 
nonviable cells, estimated by reaction with trypan blue, varied consider- 
ably but was usually about 10 percent or less in the more rapidly growing 
cultures, which was consistent with the observations on thin sections. 

The prominent features of the cells, regarded as distinctive of response 
to the virus, consisted of what has appeared (3) to be a sequence of evolu- 
tionary forms which might exist simultaneously in the same cell. The 
basic structures of the array, previously designated as “gray bodies,” 
were relatively highly osmophilic, spheroidal, or elongated structures, 
of sizes approximating those of mitochondria, though some were much 
smaller and others much larger. Some of these structures of varied 
appearance were evident in practically every cell of actively growing 
cultures. An example of the observations typical of such cultures is 
shown in the micrograph at low magnification in figure 1. One or more 
of the largest of the significant structures (PL) is seen in nearly all the cells. 

All the different forms occurring during the evolution of structures seen 
in myeloblasts originally obtained from blood and then maintained in 
tissue culture were present in the cells derived by infection in vitro. As 
before, the apparent initial stage was the gray body, designated hereafter 
as the “‘viroplast.”* For the most part, the viroplast (PL), figure 2, was 
a formed structure enclosed by a wall or membrane which occasionally 
appeared double (PLW). In some instances, however, a definite mem- 
brane was not evident (PLN), and the substance of the viroplast seemingly 
merged with the cell cytoplasm, an appearance possibly related to the 
level of section. Most often, the material in the viroplast was of relatively 
uniform consistency, but blossom- or mushroom-like forms with central 
regions deficient in osmophilic material were seen, as in figure 1. Em- 
bedded in the substance of both forms, generally near the periphery, 
typical virus particles (VP) were observed, as shown in figure 3 and, 
better, in figure 4, which is an enlargement of a portion of figure 3. Not 
seen in the earlier studies (3) were the well-defined, highly osmophilic 
inclusions (OI) within the viroplasts in figures 3 and 4. 

From the viroplast the series of structures marked were graded, in the 
evolutionary process, by lessening of the internal osmophilic substance, 
terminating, finally, in large vacuolar formations (V) (figs. 2 and 3) 
containing only small amounts or only traces of amorphous material. 
Such vacuoles sometimes contained one to several virus particles, as in 
figure 2. 

4 The term “‘viroplast” is intended to designate an organized body or structure concerned with the formation of 
virus particles in this disease. This is justified by the strong presumptive evidence, from previous (3) and the pres- 
ent work, that these bodies are involved in viral synthesis. Viroplasm has been employed (15) as descriptive of 
that portion of the virus particle other than the nucleoid, and the same word has been used (/6) to specify the 
substance of altered cell cytoplasm (inclusion structure) from which the virus particles of the rabbit fibroma take 
origin. Viroplasm, however, implies constitution or differentiation, and it is evident that the viroplasm of the 


particle, per se, cannot be identical with the ground substance of the inclusion body which, in all likelihood, gives 
rise to the nucleoid also. Viroplast bears no connotation with respect to specific constitution, 
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In only one instance in the present series of studies was a structure 
resembling a virus particle seen lying free in the cytoplasm (VP?). This 
may have been due to a very superficial section through a viroplast. 
Many virus particles (VPE) were observed outside the cells (figs. 3 and 4). 


Host Response to Cells from the Cultures 


Myeloblasts from diseased birds, both those taken directly from the 
circulation (2) or those carried for a time in tissue culture, exhibit the 
capacity to transmit myeloblastosis to normal susceptible chickens. The 
results of several experiments have shown the same phenomenon with 
respect to the cells from cultures derived by infection of normal bone 
marrow in vitro. Table 2 gives the findings observed in a typical experi- 
ment utilizing the cells of experiment 459b (see table 1). 


TaBLE 2.—Response of 5-day-old chicks to myeloblastosis virus of pool K; to washed 
myeloblasts from cultures 54 days after treatment of normal bone marrow with 
myeloblastosis virus; and to fluid used in the third washing of the myeloblasts (expt. 
459b, table 1) 


Number of Number* 
Dilution cells per of chickens Percent 
Inoculum inoculated inoculum inoculated Positive positive 


Virust 10° 29 16 55 
(Pool K) 10-10 27 14 51 


Cells 
(immune serum) 


Wash fluidt 10° 25 
(immune serum) 1071.0 26 


*Corrected number of chicks inoculated (14). 
tUndiluted pool K contained 2.5 X 10"! particles determined by electron microscopic count. The volume of 
inoculum was 0.1 ml.; the numbers of particles per inoculum were thus, respectively, 1.25 X 10! and 2.5 X 10°. 

{The supernatant fluid from the culture providing the cells contained 7.9 X 10° virus particles per ml. By 
calculation based on the volume of sedimented cells, the virus content of this third wash fluid was less than 104 
perml, The ATPase reaction was negative. 


The cells from a single flask, after a total culture period of 57 days 
(54 days after virus treatment), were sedimented and washed with succes- 
sive changes of 10-ml. volumes of medium 199 containing 10 percent 
chicken serum. After the final wash, the cells were resuspended at a 
concentration of 1.25 X 10’ cells per ml. A series of 6 tenfold dilutions 
was prepared in a like medium, and to 4.0 ml. of each dilution, there 
was added 1 ml. of a 1 to 10 dilution of antiviral chicken immune serum 
heated at 56° C. for 30 minutes. Analogous samples of the final wash 
fluid, undiluted and 1 tenfold dilution, were treated in the same way with 
the immune serum. These systems containing immune serum were 
similar to those used in earlier neutralization experiments (17). The 
volume relations were such that the amount of immune serum in each 
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inoculum was 2X, which, on the basis of previous tests, would have been 
expected to have neutralized all the virus, 1.25 * 10" particles, in the 
control inoculum containing 10~** ml. pool K. In the earlier experiments 
0.312 of the same serum completely neutralized 1.6 < 10° particles. As 
controls, 2 dilutions of virus pool K were prepared for inoculation without 
treatment with immune serum. All were allowed to stand at room 
temperature for 30 minutes before inoculation intravenously into 5-day-old 
chicks of line 15. 

As seen in table 2, the disease occurred in normal birds inoculated 
with the washed cells. Only one bird was diseased with the inoculums 
containing 100 cells, and none was positive with those containing 10 cells. 
There was no response to the wash fluid. The capacity of the birds 
to respond to virus per se is evident from the results with the 2 dilutions of 
pool K. None of the inoculums produced a response suitable for incuba- 
tion-period analysis (14). It is evident, nevertheless, that the amount of 
immune serum employed was ample to neutralize traces of virus in the 
cell suspensions (see footnote of table 2) and that host response must 
have been related to the attributes of the cells. 


DISCUSSION 


That cellular elements of bone marrow from chickens isolated in 
tissue culture are highly susceptible and characteristically responsive to 
infection with the avian myeloblastosis virus has been demonstrated 
repeatedly in the present experiments. The specificity and the principles 
of the response have been regularly confirmed in subsequent studies. 
Response of normal cells to myeloblastosis virus in tissue culture has 
not been observed before. The results obtained with virus associated 
with other forms of leukosis have been summarized in other reports 
(18-20). 

The most prominent feature of the findings has been that the response 
was, in principle, precisely the same as that observed in the intact host 
(2). The first evidence of response was multiplication and accumulation 
of cells of characteristics generally regarded as those of myeloblasts 
found in the bone marrow of normal birds. Unfortunately, as in the 
intact host, it has not been feasible to determine the stem cell from which 
the responding myeloblast is initially derived in the treated cultures. 
It is obvious, however, that once infection was established, the ensuing 
phenomena were fully attributable to the single cell species, the myelo- 
blast. The cells in the bone marrow cultures had the same structure as 
the primitive cells from the blood in culture, and they were the site of 
virus synthesis and the source of virus liberation. It was evident that 
growth resulted from mitosis of myeloblasts. There has been no evidence 
of involvement and persistence of any other cell in the cultures. In 
particular, there has been no evidence of response by cells associated 
with the origin of the red-blood-cell series observed in virus-induced 
erythroblastosis (21). 
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Several characteristics of response were especially notable. Changes 
in the treated cultures, detected by examination of the cultures with the 
light microscope, became apparent only after a prolonged and variable 
latent period of about 12 to 20 days, which was actually entirely com- 
parable in this respect to response in the bird (14). This period, however, 
principally, constitutes a measure of the interval necessary for increase 
in the number of cells, exceedingly small initially, to levels sufficient for 
unequivocal recognition of change. That beginning response must have 
occurred very quickly after exposure to virus may be inferred from the 
observation that in one of the best cultures, experiment 10258, the average 
rate of doubling of the cells was 3.6 days. Furthermore, endowment of 
the myeloblast with the attributes of the virus-bearing cell could not have 
been longed delayed, since the survival of the cells of untreated cultures 
was brief. 

A notable behavior of the culture systems was the extremes of variation 
expressed in the rate of cell growth and the rate of virus liberation from 
one experiment to another. It might have been thought that once 
infection had been established, the behavior of the myeloblasts would be 
expected to depend largely on the conditions of culture. To the contrary, 
variation in the rates of multiplication of the cells and of virus liberation 
was comparable with the differences seen in different diseased hosts. 
Although differences in the conditions of culture may have been a factor 
in the variation, it seems probable that such manifestations of activity 
must have been dependent chiefly on properties inherent in the cells of 
different host origins. This does not differ from analogous findings (22) 
related to individual intact-host variations in rabbit papillomatosis, Rous 
sarcoma, avian erythroblastosis, and myeloblastosis, in which quantitative 
studies have been made. In one respect, however, the tissue cultures 
differed from the host; namely, the level of initial response was not related 
to the age of the donor host providing the bone marrow. Chickens of the 
ages used, particularly those 160 to 168 days old, are much less susceptible 
to infection with this virus than birds 3 to 5 days old (23). 

The principles and magnitude of cell multiplication and virus liberation 
by the myeloblasts in the cultures derived from bone marrow were similar 
to those of cultures of myeloblasts from the circulation of diseased chickens 
(10, 24). It was obvious that the ultrastructural aspects of the cells of 
the two derivations were identical. Structures clearly pathognomonic of 
virus infection and associated with viral synthesis were plentiful in the 
most actively growing cultures. The same sequence of formed cyto- 
plasmic constituents characteristic of myeloblasts from the circulation 
that are cultured (3) were found in the infected cultures of bone marrow 
cells. There was no further evidence of the mechanism of virus influ- 
ence, nor did the results add to or detract from the view that the mito- 
chondrion or its progenitors is the site of intracellular activity. Nothing 
has been seen to indicate direct involvement of the nucleus. 

In the absence of information to the contrary, it seems reasonable to 
suppose that the myeloblast, which is the primitive transitional progenitor 
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of the granular series of white blood cells, possesses the capacity to un- 
dergo and respond specifically to infection with the myeloblastosis virus. 
Infection is accompanied by cessation of all processes leading to matura- 
tion. In consequence, this cell does not lose t’ 2 inherent capacity to 
undergo mitosis as it does with maturation in the normal bone marrow. 
As the result of this interference, the cell retains an endowed fundamental 
characteristic, which, when uninterrupted, constitutes the essence of ma- 
lignancy. It is not possible at present to assess the actual effect of the 
virus as a “stimulating” influence. The experiments in tissue culture 
serve to emphasize the observation that malignancy associated with in- 
fection by the myeloblastosis virus is purely a matter of specificity of cell 
response. In tissue culture, only the myeloblasts were in evidence, but 
it is known that other cells, reticular and endothelial cells, are infected 
with the agent in the host, though they exhibit no evidence of malignancy 
either in the host or in tissue culture. As the conditions of myeloblast 
culture have been improved, the compatibility of the virus and the host 
cell has become increasingly striking. Despite relatively enormous in- 
volvement as indicated by the numbers of viroplasts, the mechanisms of 
virus discharge and distribution to daughter cells remain orderly, and ap- 
parently few cells succumb to the effects of the agent. This is not so 
with the reticular cells and macrophages, however, which apparently do 
not or cannot balance virus elimination with virus synthesis and in which 
the effects of the agent are lethal. 

It has been shown that the cells of the bone marrow cultures, like the 
myeloblasts from the circulation, transmit the disease to susceptible 
normal hosts. The use of immune serum ruled out the participation 
of culture virus carried over with the washed cells. This constituted 
unequivocal evidence that instigation of disease was related to attributes 
of the myeloblast. It is known, however, that in tissue culture the myelo- 
blasts synthesize and liberate the virus at high rates. There is no basis 
for supposing that this activity ceased on introduction of the cells into 
the chicken, nor is there a basis for concluding that the culture cells failed 
to survive in the diseased chickens. The response of the new chicken 
hosts to the cells was essentially the same as to blood myeloblasts in ear- 
lier experiments (2). Thus, it may be assumed that the myeloblasts 
from bone marrow cultures, in their ability to survive and multiply in 
vitro and to establish the disease in the new hosts, displayed all the quali- 
ties of malignancy possessed and exerted by the cells from chickens that 
were diseased directly by the virus. 
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Figure 1.—General appearance typical of cells 31 days after treatment of normal 
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Ficure 2.—Section of portions of 3 cells from a culture (expt. 10258, table 1) 57 days 
after virus treatment. There are present mitochondria (M) of normal or swollen 
appearance, and one structure is suggestive of an altered mitochondricn (AM). 
Viroplasts (PL) are numerous, some definitely walled by one or possibly two mem- 
branes (PLW) and others are without a clearly defined wall (PLN). One large 


vacuole (V) contains a single virus particle (VP) and traces of amorphous material. 
Several virus particles lie outside the cells (VPE). X 34,000 
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Figure 3.—Portions of several cells from a culture (expt. 10258, table 1) 57 days after 
virus treatment. The mitochondria (M) appear particularly swollen. There oceur 
well-defined viroplasts (PL) in 3 different cells, and some contain characteristic virus 
particles (VP) and unusual densely osmophilic inclusions (OI). One large vacuole 
(V) contains a small amount of amorphous material. Virus particles (VPE) are seen 


outside cells and one strueture (VP?) resembling a virus particle seems free in the 
eytoplasm. X 33,000 
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Figure 4.—A higher magnification of a portion of one of the cells of figure 3. The 
symbols and designations are the same as before. > 82,000 
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a=-Keto Acids in Tissue Culture. 


Il. Studies 


on the Used Medium ' 


B. B. WESTFALL, E. V. PEPPERS, and W. R. EARLE, 
Tissue Culture Section, Laboratory of Biology, National 
Cancer Institute,? Bethesda, Maryland 


SUMMARY 


Eleven mammalian cell strains, 9 from 
the tissues of the C3H/HeN mouse and 
2 of human origin, were examined for 
the quantity of keto acids that during 
growth they contributed to the used 
medium, in excess of that supplied by 
the medium. At 72 hours after fluid 
renewal, the cells had added the indi- 
cated quantities of keto acids as pmoles 
per 100 million cells per 100 ml. of 
medium: strain 721 of mouse liver 
epithelial origin, 730; strain 1469 of 
single cell origin from strain 721, 800; 
strain 1795 hepatoma rising from strain 
1469, 640; sarcoma strain 929L, 430; 
strain 2071, a strain from 929L adapted 
to growth in protein-free medium, 500; 
high sarcoma fibroblast strain 1742, 
225; low sarcoma strain 2049, 226; high 
sarcoma strain 1745, 620; high sarcoma 


strain 2050, 285; human epidermal 
strain 2198, 425; and human cervical 
carcinoma strain 1985 (HeLa), 232. 
The horse serum of the mediums used 
for all strains except 2071 contained the 
transaminase activities for the glu- 
tamic-oxalacetic and glutamic-pyruvic 
transaminations. However, incubation 
of the medium in the absence of cells 
produced little change in the keto acid 
content of the medium. The cells of 
strain 1469 were broken up and their 
extracts were found to have active 
transaminating enzyme systems. It 
would appear that the excess keto acids 
put into the mediums by growth of the 
cells reflect the metabolic activity of 
the cells.—J. Nat. Cancer Inst. 24: 
417-423, 1960. 


IN THIS laboratory, and in others, it has been known for many years 
that a nutrient solution made up of balanced saline, horse serum, and 
chick-embryo extract is an excellent medium in which to grow many 
mammalian-tissue cell strains; that there are a-keto acids, pyruvic and 
a-keto-glutaric, in the medium supplied to the cells by the constituents 
mentioned (/); and that some of the keto acids can substitute for their 


amino acid analogues in diets for animals (2-8). Furthermore, under 
certain conditions of cultivation of the NCTC clone 1469 cells, derived 
from liver epithelium of the young mouse, the concentration of pyruvic 
acid in the used medium reached 15 mg. per 100 ml. and that of the 
a-ketoglutaric acid, 0.9 mg. per 100 ml. (9). Because these concentrations 


' Received for publication June 17, 1959. 
+ National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare . 
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were much greater than those found in the used medium after growth of 
any of the other cell strains, up to that point in the examination of the cells, 
it was thought that the quantity of keto acids accumulating in the used 
medium might have some value in characterizing certain cell strains. 
For 4 years, data were collected on these constituents by the use of 11 
mammalian cell strains cultivated for long intervals in vitro. All the 
cell strains examined had the capacity to build up the concentrations of 
keto acids in the used mediums. When calculated to the individual cell 
basis, there was no significant difference in the 11 strains. The activity of 
keto acids in transamination (10, 11) and, through transamination, their 
effect on the amino acid content of the medium add importance to their 
presence in considerable amounts in the medium. The fact that there are 
several keto acids in used medium (9) indicates that the enzymes con- 
cerned in their production are still present and functioning in the cells, 
despite the long-term growth in tissue-culture vessels. Because the serum 
constituents of the stock medium had active transaminating enzymes for 
the production of keto acids, data concerning these are included. Cell-free 
extracts of the NCTC clone 1469 cells derived from mouse liver epithelium 
were also examined for their ability to carry out the production of certain 
keto acids. Even though it was known that the intact cells could form 
keto acids to be released into the medium, the latter experiments (table 2) 
were carried out to ascertain the general order of magnitude of the enzyme 
activities involved. 


METHODS AND MATERIALS 


The mammalian cell strains used and the manner of cultivation have 
been described in previous reports from the laboratory (12-22). There 
were 4 procedures for estimating the keto acids in the fresh and used 
medium. All methods depended on the formation of the dinitrophenylhy- 
drazones of the keto acid in question. Two methods, one depending on 
solvent separation of the hydrazones and their differential elution from 
the paper chromatograms, as well as the direct procedure (DP) with no 
extraction, are given in reference (1). The direct extract estimation 
(DEE) is given in reference (23). The fourth procedure was as follows: 
For examination as a tungstic acid filtrate or protein-free medium or 
ultrafiltrate, 1 ml. of the solution in 50 ml. aqueous solution was treated 
with 4 mg. dinitrophenylhydrazine in hydrochloric acid so that the result- 
ing solution was 0.08 nN with respect to hydrochloric acid. After 30 
minutes, the hydrazones were extracted with chloroform-ethanol mixture 
(80-20, v/v) and counter-extracted with n sodium carbonate solution (1); 
4 ml. of 2.5 n NaOH was added. Any droplets of the chloroform-contain- 
ing solvent were removed by centrifugation and the concentration of the 
red hydrazone in the aqueous solution was ascertained by reading in the 
spectrophotometer at 440. The total quantity of a-keto acids was 
calculated from these readings with reference to a standard curve pre- 
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pared from the dinitrophenylhydrazone of pyruvic acid. Paper chro- 
matographic separation of the dinitrophenylhydrazones, as described 
earlier (1), indicated that about 80 percent of the keto acid value (found 
by the method described in detail in this report) was actually pyruvic 
acid, about 10 percent a-ketoglutaric acid, and 3 percent each of a-ketoiso- 
caproic and a-ketoisovaleric acids, with the remaining small quantity 
made up of fast-moving unidentified dinitrophenylhydrazones of several 
keto acids. To calculate the results to the umole basis, as in table 1, it 
has been assumed that these unidentified materials would have an average 
molecular weight similar to a-ketoisocaproic. The error thereby intro- 
duced into table 1 is probably less than the over-all error in replicate 
estimations. Since the value for the total keto acids, so obtained, is 
presumably made up of the sum of the keto acids furnished by the fresh 
medium plus those contributed by the cells during growth, it was necessary 
to correct the analytical values by subtracting from the final figure the 
quantity supplied by the medium, except that for strain 2071. The cells 
of strain 2071 were grown in a medium containing no preformed keto acids. 

Because of the importance of the keto acids in transamination, an 
estimation was made of the transaminase activities of the serum used as a 
constituent of the medium for several of the cell strains. Essentially the 
method of Karmen et al. (24) was used. The method was likewise applied 
to the extracts of the cells of strain 1469, after complete disruption of the 
cells by grinding (25). Estimation of protein in the cell extracts was 
made as previously described (26). Pyruvic and a-ketoglutaric acids 
were commercial preparations; oxalacetic acid was furnished by Dr. A. 
Meister; a-ketoisocaproic, a-ketoisovaleric acid and a-keto-8-methylvale- 
ric acids were prepared by the procedure of Iselin and Zeller (27). 


RESULTS 


Results for the concentrations of the total a-keto acids in the used 
mediums are shown in table 1. The table contains data for 11 cell strains 
carried in long-term culture in the laboratory. As previously reported 
(1), the stock medium of chick-embryo extract and horse serum used for 
10 of these cell strains contains appreciable quantities of both pyruvic 
and a-ketoglutaric acids. Portions of the medium without cells were 
incubated along with the flasks containing the cells, and the keto acid 
content of the acellular flasks was subtracted from the content of the 
paired flasks that contained cells. The values for the total keto acids of 
the incubated, control medium without cells were 0.7 mg. per 100 ml. of 
medium for all mediums, except that for 2071 which was zero. The 
preformed keto acids in the mediums for the 10 other strains studied were 
contributed by the chick-embryo extract and horse serum of those mediums 
(1). On the assumption that the cells do not utilize the preformed keto 
acids and that diffusion is unidirectional, the values shown in table 1 have 
been calculated to a population unit basis. In the process of preparing 
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TaBLE 1.—Quantity of a-keto acids in the used medium 72 hours after nutrient-fluid 
renewal * 


Total a- 
keto acids 
per 100 
NCTC Number of million 
strain Origin of the cell Years in Present status of cultures cells 
number strain culture the cell strain included (moles) 


721 Parenchymal epi- 10 ~— Liver epithelium 14 730 + 215 
thelium of liver 
of young C3H/ 
HeN mouse 
One cell from 721 (10) 6 Low hepatoma 800 285 
strain 
Tumor arising from (10) 4 High hepatoma 640 220 
injection of 1469 strain 
cells into C3H/ 
HeN mouse 
One cell from cul- (19) 10 Sarcoma strain 
ture of connec- 
tive tissue from 
flank of C3H/ 
HeN mouse 
One culture of Sarcoma strain 
929L adapted to 
growth in pro- 
tein-free medium 
Culture from fat High sarcoma 
pads and areolar strain 
tissue of C3H/ 
HeN mouse; 
single cell from 
culture used 
Connective tissue; Low sarcoma 
same single cell strain 
as 1742 
Single cell from 7 High sarcoma 
tumor from 1742 strain 
Same single cell as 7 High sarcoma 
1745 strain 
Epidermis of 53-year- (5)3 Unknown; pre- 
old human male sumed to be 
normal epi- 
thelium 
Human cervical (5) 3 Unknown; pre- 
carcinoma sumably car- 
cinoma 


*The terms ‘‘low hepatoma” and “high sarcoma” strain refer to the percentage of injections of the cells producing 
tumors in C3H/HeN mice. The figures in parentheses in the 3d column refer to years since the parental culture 
was started. The strain 1985 is HeLa, adapted to growth in horse serum. It is to be noted that the connective- 
tissue strains 1742, 2049, 1745, and 2050 are not derived from L or 929L. The cells for the 4 cultures mentioned were 
taken from the C3H/HeN mouse strain, 33 mouse generations after L was taken (29). 


serum for the stock medium, the fresh serum is gassed with CO, to adjust 
the pH, and then frozen. When needed it is thawed. Both the gassing 
and the freezing and thawing precipitate some protein. Horse serum 
contains both the glutamic-oxalacetic transaminase and the glutamic- 
pyruvic transaminase. To check on the possibility that these might be 
removed with the precipitated proteins, tests for their activity in our 
preparations of horse serum were run. Expressed in yumoles of keto acids 
used per ml. serum per hour, the results for 11 horses furnishing serum 
were 1.3 for the first-mentioned and 0.7 for the second enzyme activity. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


1 
1 


@-KETO ACID IN USED TISSUE-CULTURE MEDIUMS 421 


TaBLE 2.—Amination of keto acids by extracts from homogenates of NCTC clone 
1469 cells of mouse liver epithelial origin 


uMoles amino acid formed from keto 
acid analogue, per hour per 100 
million cells 


Amino acid used as amine source Alanine Aspartic Glutamic 
Alanine — 0. 85 2.8 
Aspartic 0.5 _ 3.0 
Glutamic a3 10. 1 
Isoleucine 0.17 1.0 2.5 
Valine 1.5 0. 7 2.7 


Serum freed of its diffusible constituents by ultrafiltration (serum residue) 
and frozen for as long as 3 years retained 75 percent of its activity after 
thawing (28). Certain of the transaminating enzyme activities for extracts 
of strain 1469 mouse liver epithelial cells are shown in table 2. 


DISCUSSION 


The increase in amount of the keto acids in the medium during growth 
of the cells must be ascribed to the metabolic activity of the cells. Incu- 
bation of medium without cells results in very little change in concentra- 
tion of keto acids in the medium, despite the relatively active transaminases 
of the serum. Furthermore, the transaminase activity of the serum under 
these circumstances is not needed to explain the accumulation of the keto 
acids in the used mediums because strain 2071 is grown in serum-free, 
protein-free medium, as shown in table 1. It will be noted in table 1 
that the concentrations of keto acids are not very different for strains 
2071 and 929L, although 929L is grown in serum-containing nutrient 
solution. Presumably, however, so long as there is serum in the medium 
with suitable precursors present in the cells or the medium, pyruvic and 
a-ketoglutaric acids could be formed for use by the cells through the 
mediation of the enzymes of the medium. The evidence indicates that 
the keto acids in the used medium must mainly come from within the 
cells and apparently enter the medium by leakage from the cells. Why 
the keto acids appear in the medium is a question not clearly answered. 
Perhaps they occur in the cell in such concentration that they cannot be 
used immediately and thus diffuse out into the medium. It may well be 
that for protein synthesis to take place the needed amino acids must be 
presented to the synthesizing mechanism in exactly the right proportions 
and when certain ones are in excess they are returned to the medium. 
It may also be that keto acids are produced as part of the effort of the 
synthesizing mechanism to make up for amino acid deficiencies as they 
occur and when they likewise are in excess they are lost to the medium. 
Lactic acid also leaks out in considerable amount under these circum- 
stances. Leslie, Fulton, and Sinclair (30) tentatively consider that the 
part of the glucose that is oxidized is related to the number of cells in the 
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culture and that the glycolysis rate per cell decreases since the accumula- 
tion of metabolic intermediates in the medium retards the leakage of such 
intermediates from the cells. However, Zwartouw and Westwood (31) 
have presented evidence that can be interpreted to mean that certain 
physical changes in the environment are more effective in changing the 
glycolysis rates, so that retarding effect of intermediates need not be in- 
voked as an explanation. In this connection an additional experiment 
was done in which portions of homogenates of the strain 1469 liver cells 
from the work represented in table 2 were examined for lactic, pyruvic, 
and a-ketoglutaric acids. When the liver cells were harvested 4 hours 
after nutrient-fluid renewal, the quantities of these three acids within the 
cells appeared to be about twice that in the surrounding medium from 
which they had been harvested. This finding probably comes about 
through lack of equilibrium conditions, because at 72 hours after fluid 
renewal the lactic acid concentration in the cells was indistinguishable 
from that in the medium when corrected to the water content of the cells. 
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High Incidence of Spontaneous Hepatomas 


and the Increase of This Incidence With 


SUMMARY 


A very high incidence of spontaneous 
hepatomas occurs in male mice of our 
3 substrains of strain C3H fed the usual 
diet of NCI pellets. The incidence in 
C3H males was 85 percent, in C3Hf 
males 72 percent, and in C3He males 
78 percent. Intraperitoneal injection 
of 20-mg. urethan increased the occur- 
rence of hepatomas in males of all 3 
substrains. The occurrence of hepa- 
tomas in males that received 8 injec~ 
tions of 20-mg. urethan each was also 
greater than that in the uninjected 
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Urethan in C3H, C3Hf, and C3He Male Mice ' 
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injection. Other lesions induced or 
potentiated by the urethan included 
hemorrhagic lesions of the liver, 
some of which appeared to be 
neoplastic, and pulmonary tumors. 
That the C3H males had the mam- 
mary-tumor agent, whereas the C3Hf 
and C3He males did not, had no in- 
fluence on the occurrence of the hepa- 
tomas, the pulmonary tumors, or the 
hemorrhagic lesions of the liver. C3Hf 
males fed Purina laboratory chow had a 
57 percent incidence of spontaneous 


controls, though in this study the 
occurrence was not shown to be greater 
than that in the males receiving 1 


hepatomas.—J. Nat. Cancer Inst. 24: 
425-435, 1960. 


DURING THE past several years we have become aware of the high 
incidence of spontaneous hepatomas in our various substrains of C3H 
mice as compared with incidences for the strain, published earlier (1-3). 
Deringer (4) has recently published incidences ranging from 30 percent 
in breeding females to 90.5 percent in breeding males of her C3He sub- 
strain. In an earlier study of the induction of pulmonary tumors in 
C3H, C3Hf, and C3He mice, with urethan, we had noted a higher incidence 
of hepatomas in both the injected and control groups than had previously 
been recorded, but it was not clear how much the increase was due to the 
urethan or to other factors, possibly including genetic changes in the strain. 

The present study was therefore carried out to determine the present 
incidence of hepatomas in males of our various substrains of strain C3H 
and to ascertain whether or not this incidence could be increased with 
urethan. When it became certain that the incidence was considerably 
' Received for publication July 7, 1959. 
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higher than formerly recorded, the effect of the present diet was investi- 
gated. The occurrence of other tumors, especially pulmonary tumors, was 
also recorded. 


DESCRIPTION OF SUBSTRAINS USED 


C3H/He.—This is the C3H substrain that has been used in this laboratory 
as a high-mammary-tumor strain for many years (5). The colony originated 
from the strain C3H colony of Dr. H. B. Andervont, in 1941, and the 
animals in the present study were of the F442 generations of brother x 
sister inbreeding since the colonies were separated. 

C3Hf/He.—This substrain, formerly referred to as C3Hb, was derived 
in 1945 from a litter of C3H/He mice taken by cesarean section from their 
mother, who was of the F; generation of C3H/He, and foster-nursed on a 
strain C57BL female to prevent the litter from obtaining the mammary- 
tumor agent (5). Mice of subsequent generations derived from this litter 
have constituted the C3Hf substrain, which does not have the mammary- 
tumor agent. Animals in this study were of the F534 generations of 
brother X sister inbreeding since the foster nursing. 

C3He/De.—This C3He substrain, as described by Deringer (4), origi- 
nated in 1954 by transfer of fertilized ova from a C3H/De female of the 
F;, generation to a C57BL female, and after their birth the young were 
nursed by the C57BL female. The C3H/De had been separated from 


C3H/He at Fy, the designation of generations being continuous. C3He/ 
De like C3Hf does not have the mammary-tumor agent. Animals of the 
F;.0 brother X sister inbred generations, since transfer of the ova, were 
used in this study. 


PROCEDURE 


Three groups of approximately 100 males each from each of the 3 
substrains, C3H, C3Hf, and C3He, were set aside at the time of weaning 
for this study. One group of each substrain was injected intraperito- 
neally, at from 2 to 3 months of age, with 20 mg. of urethan in 0.5 cc. of 
water. A second group of each substrain was injected intraperitoneally 
with the same amount of urethan once a week for 8 weeks beginning when 
the males were from 2 to 3 months of age. A third group of each substrain 
was not injected and was kept as controls. Throughout the study the 
mice were kept in clear plastic cages (7’ X 11’’ & 5’’ high) with 8 mice 
to the cage, and were fed NCI pellets * and tap water ad libitum. At 


4 The National Cancer Institute pellets, formerly referred to as Derwood pellets, are prepared by Herbert Bry- 
ant, Inc., Gaithersburg, Md., and are composed of the following: skim-milk powder (human grade), 23.29%; 
ground whole hard wheat, 65.10%; dried debittered Brewer’s yeast, 4.00%; corn oil, 5.80%; sodium chloride (iodi- 
nated), 1.40%; iron citrate, U.S.P. #7 powder, 0.13%; shark-liver oil (4.8 million units vitamin A per lb.), 0.20%; 
and Delstrol ® (900,000 units vitamin D per lb.), 0.08%. 
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14 months of age all males were killed and examined, except for some that 
had died earlier, and all hepatomas and other neoplasms found in them 
were recorded. Sections of all questionable hepatomas and pulmonary 
tumors and of all other lesions were taken for histologic examination. 
The tissues were fixed in Fekete’s modification of Tellyesniczky’s fixative 
(70% ethyl alcohol, 20 parts; formalin, 2 parts; glacial acetic acid, 1 
part), sectioned, and stained with hematoxylin and eosin. 

When it was found that the incidence of hepatomas in even the control 
groups of the 3 substrains was much higher than had formerly been 
considered as characteristic of strain C3H, another group of approxi- 
mately 100 C3Hf males was set aside and maintained under the same 
conditions as the other control groups except that the mice of this group 
were fed Purina laboratory chow instead of NCI pellets. Much of the 
earlier data on incidence of hepatomas in strain C3H had been obtained 
from mice fed Purina laboratory chow or Purina dog chow. The males 
of this group at 14 months of age were likewise killed and examined for 
hepatomas and other neoplasms. 


RESULTS 


The occurrence of hepatomas in the groups injected with urethan and 
in their respective control groups is indicated in table 1. Most striking 
are the high incidences in the control groups: 72 percent in the nonin- 
jected C3Hf males, 78 percent in the noninjected C3He males, and 85 
percent in the noninjected C3H males. 

In each substrain the incidence of hepatomas was greater in the group 
receiving one injection of urethan than in the respective control group. 
The difference in incidences was highly significant for the substrain C3Hf 
(X? = 17.38; P < 0.001), borderline in significance for the substrain 
C3He (X? = 3.08; 0.05 < P < 0.10), but not statistically significant for 
substrain C3H. Likewise in each substrain the average number of 
hepatomas in the group receiving one injection was greater than that 
of the respective control group. The difference between the C3H groups 
was significant at the 5 percent level, and the differences for the C3Hf 
and for the C3He groups were each significant at the 1 percent level. 

Eight injections of urethan, however, did not uniformly increase the 
occurrence of hepatomas above that resulting from 1 injection. In fact, 
the average incidence of the groups receiving 8 injections was less than 
that of the groups receiving 1 injection, though more than that of the 
control groups. In substrain C3He, the group that received 8 injections 
had a higher incidence than either the control group or the 1-injection 
group, but whereas the difference was statistically significant when com- 
parison was made with the control group (X? = 4.77; 0.02 < P < 0.03), 
when comparison was made with the 1-injection group the difference 
was not significant. The average number of hepatomas was likewise 
greater in the 8-injection group than in either the control or the 1-injec- 


VOL. 24, NO. 2, FEBRUARY 1960 


= 
ig 
¢ 
= 
ay 
Mog 
j 
f 


vung 


= 


SOS 5 


= 


JO 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


a 
(=) 
< 
< 
Z 


428 
XxX XxX XxX 
ebep 
ARERR 
OD 39 09 69 09 09 OD 


SPONTANEOUS AND URETHAN-INDUCED HEPATOMAS 429 


tion group. Again the difference was statistically significant when com- 
parison was made with the control group (¢ = 3. 23; P < 0.01), but not 
significant when comparison was made with the 1-injection group. In 
substrain C3Hf the incidence of hepatomas in the 8-injection group 
was significantly greater, statistically, than that in the control group 
(X? = 8.997; P <. 0.01), but was less than that in the 1-injection group, 
though not significantly less. The average number of hepatomas in the 
8-injection group was also significantly greater, statistically, than that 
in the control group (¢ = 3.33; P < 0.01), and less than that in the 1-in- 
jection group, but not significantly less. In substrain C3H the incidence 
of hepatomas was less in the 8-injection group than that in either the 
l-injection group or the control group. The difference between the 
8-injection group and the 1-injection group was significant (X? = 6.53; 
0.01 < P < 0.02), but the difference between the 8-injection group and the 
control group was not significant. The average number of hepatomas 
in the 8-injection group was significantly less than that in the 1-injection 
group (¢ = 2.055; 0.02 << P < 0.05), but was almost identical with that 
in the control group. 

There was not a consistent difference between the 3 substrains, though 
there were variations in specific groups. Combining the data for the 
3 substrains was, therefore, justifiable and offered advantages in increas- 
ing the numbers for each group. The incidence of hepatomas in the 
277 males of the combined control groups was 78.7 percent; in the 261 
males of the combined groups receiving 1 injection of urethan 92.3 per- 
cent; and in the 233 males of the combined groups receiving 8 injections 
of urethan 86.7 percent. The incidence in the combined 1-injection 
groups was significantly higher than that of the combined controls 
(X? = 19.95; P < 0.001), and the incidence in the combined 8-injection 
groups was also significantly higher than that in the combined control 
groups (X? = 5.57;0.01 << P < 0.02), but significantly lower than that in 
the combined 1-injection group (KX? = 4.23; 0.03 << P < 0.04). 

In the group of strain C3Hf males fed Purina laboratory chow, the 
incidence of hepatomas was 57 percent, which was significantly lower 
than that in the group of C3Hf males fed NCI pellets (X? = 4.629; 
0.03 << P <0.04). Furthermore, the average number of hepatomas in the 
group fed Purina laboratory chow was significantly less than that in the 
group fed NCI pellets (¢ = 4.0588; P < 0.01). The incidence in those 
fed Purina chow was still higher, however, than that formerly observed 
in C3H males. 

The results in respect to pulmonary tumors were consistent with what 
could have been expected from previous work (table 1). The incidences 
in the control groups fed NCI pellets ranged from 8 percent in the C3H 
males to 13 percent in the C3He males, and the average number of pul- 
monary tumors in the control groups ranged from 0.08 in the C3H males 
to 0.13 in both the C3Hf and the C3He males. One injection of urethan 
significantly raised the incidence to a range of from 55 percent in the 
C3Hf males to 62 percent in the C3H males, with an average of approxi- 
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mately 1 tumor per animal in all 3 groups. The 8 injections of urethan 
raised the incidence to 100 percent, or approximately 100 percent, in the 
3 substrains, with an average number of tumors ranging from 4.76 in the 
substrain C3He to 5.95 in the substrain C3H. There was no significant 
difference between the substrains in respect to occurrence of pulmonary 
tumors. 

The incidence of pulmonary tumors in the C3Hf males fed Purina 
laboratory chow was lower than that in the group fed NCI pellets, but 
not significantly lower. 

Hemorrhagic lesions occurred in the livers of 29 of the males of the 3 
substrains that had received urethan, and all but 6 of these were in the 
groups that had had 8 injections (table 1). There were none in the 
controls, although such lesions have been observed in the livers of other 
mice that were not treated with urethan. 

These hemorrhagic lesions were apparently comparable with those noted 
by others in the livers of mice treated with urethan, and there is a question 
as to whether or not they are neoplasms. Kirschbaum and coworkers 
(6) have designated them as cavernous hemangiomas, and Salaman and 
Roe (7) have referred to them as hemorrhagic hepatic tumors. More 
recently Roe (8) has described them as resembling cavernous hemangio- 
mata, some of which showed surrounding cellular reaction which was 
impossible to distinguish from neoplastic tissue. Berenblum and Haran 
(9) and Tannenbaum and Silverstone (10) agreed that what they observed 
were blood cysts resulting from injury, and not neoplasms. The lesions 
observed in our study appeared small and hemorrhagic, not exceeding 
approximately 8 mm. in diameter, and grossly distinct from the hepatomas. 
For the most part they appeared histologically as groups of blood-filled 
spaces lined with endothelial cells, but of the total 29, ten of the larger 
ones could not be distinguished histologically from hemangioendothelioma 
(figs. 1 and 2). Whether or not the remaining lesions represent preneo- 
plastic stages is not known. Unfortunately transplantation of the lesions 
was not attempted. 

In addition to the neoplasms listed, there was a reticulum-cell neoplasm 
in the C3H control male and one in a C3Hf male that had had one injec- 
tion of urethan, a papilloma of the skin in a C3Hf male of the 8-injection 
group and a squamous-cell carcinoma of the skin in another male of the 
same group, and a hemangioendothelioma in the mesentery of a C3He 
male of the 8-injection group. 


DISCUSSION 


Urethan, which was originally shown to be carcinogenic in the lung 
(11) and for some time thereafter may have been considered to be lung- 
specific in its carcinogenicity, has now been conclusively demonstrated to 
be a multipotential carcinogen. In 1947 Jaffé (12) reported several 
pulmonary tumors and hepatomas in albino rats that had received urethan 
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orally and intraperitoneally; these tumors had not been observed to arise 
spontaneously in the strain. Soon afterwards two other reports (13, 14), 
although inconclusive, also suggested that urethan might induce tumors 
in organs other than the lung. Recently Kawamoto et al. (15) have 
reported that urethan augmented the induction of leukemia in mice by 
X rays, estrogenic hormones, or methylcholanthrene, but when adminis- 
tered alone it was not found to be leukemogenic in the strains used. 
Graffi et al. (16) have reported that alternate treatment of the skin of 
mice with urethan and with croton oil produced several times more tumors 
of the skin than croton oil alone. Salaman and Roe (7) found that 
treating the skin of mice with urethan followed by croton oil resulted in 
significantly more tumors than treatment with croton oil alone, although 
no skin tumors were obtained with urethan alone. This work was based 
on the concept of an initiating agent, and the authors concluded that 
urethan was what they had set out to find, namely, an initiating agent, 
but neither a carcinogen nor a promoting agent, for mouse skin. Later 
Berenblum and Haran (9) reported that their results from. a similar 
experiment confirmed the concept that urethan was an initiating agent 
when applied to mouse skin. Tannenbaum and Silverstone (10) applied 
urethan to the skin of strain DBA mice, strain C3H mice, and (C57BL 
C3H)F, hybrids and observed that 5 separate and distinct lesions were 
induced or potentiated. These included pulmonary adenomas, mammary 
carcinomas, malignant mesenchymal tumors in the interscapular fat, 
cystadenomas of the lacrimal gland, and blood cysts in the liver. They 
concluded that urethan is a multipotential carcinogen. 

To this list of neoplasms induced or potentiated by urethan can now 
be added hepatomas in the mouse. One dose of 20 mg. of urethan in 
water injected intraperitoneally significantly increased the occurrence of 
hepatomas in C3H males of 3 substrains. It is interesting that 8 injec- 
tions of 20 mg. each did not increase the hepatoma response above that 
for the single injection, but resulted in a response significantly below that 
for the single injection. In the pooled data 8 injections did increase the 
occurrence of hepatomas significantly above that of the controls. 

Explanation for the failure to get more hepatomas with 8 injections of 
urethan than with 1 may in part at least be hidden in the animals that 
died before 14 months of age. Detailed consideration of these animals 
is not justified because autopsies of many of them were impossible or 
unsatisfactory owing to post-mortem changes. However, it may be 
significant that more of the mice receiving 8 injections died before 14 
months than those of the other groups. The fact that the 8-injection 
groups of C3H and C3Hf mice did not have more hepatomas than the 
1-injection groups could therefore be explained if hepatomas had been a 
selective factor in the death of these animals. 

Our C3H, C3Hf, and C3He males, when fed NCI pellets, probably 
do not provide the best system for showing an increase in hepatomas 
with urethan or any other hepatoma-inducing carcinogen because the 
response in the uninjected controls approaches the upper limit. A system 
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in which the response in the controls approximates 50 percent is generally 
considered ideal. A greater percentage increase in hepatoma response 
from urethan might therefore have been observed had the mice been fed 
Purina laboratory chow, for the incidence of hepatomas in C3Hf males 
fed this diet was little more than 50 percent. Strain A mice have been 
suitable for studies of induction of hepatomas with azo dyes (17) and might 
be responsive in this way to urethan. Mice of this strain have been used 
extensively in studies on induction of pulmonary tumors with urethan 
(18), but in these studies, for the most part at least, the mice have been 
killed at a relatively early age and hepatomas have not been observed. 

One of the most important aspects of this study, and of other recent 
studies of our substrains of C3H, is the observation of a high incidence of 
“spontaneous” hepatomas now occurring in these substrains. Such a 
high incidence makes these substrains valuable for work on spontaneous 
hepatomas. Formerly, although strain C3H was considered to be the 
highest hepatoma strain available, the incidence was still relatively low. 
In 1941, Andervont (1) published an incidence of 27 percent for his sub- 
strain C3H males and 10 percent for the females of his substrain over 
1 year of age. The incidence has now increased from these levels to from 
30 to 58 percent in females [Deringer (4)] and 70 percent and above in 
males. 

A part of this increase is undoubtedly due to the diet of NCI pellets our 
colonies have been fed. Andervont’s colony, from which the 1941 inci- 
dences were obtained, was fed Purina dog chow. In the present study the 
C3Hf males fed Purina laboratory chow, which is not identical with 
but is similar to the dog chow, had a significantly lower incidence of 
hepatomas than those fed the NCI pellets. This incidence difference 
may have been related to the difference in growth resulting from the 
2 diets. Weights were recorded, and those fed the NCI pellets had a 
slightly higher rate of growth than those fed the Purina chow. In general, 
those factors, including genetic and dietary factors, that increase growth 
rate increase susceptibility to cancer. Specifically, Tannenbaum and 
Silverstone (19) showed a positive correlation between degree of caloric 
intake and incidence of hepatomas in C3H males. In addition, these 
investigators (20) also showed an increase in hepatomas with an increase 
in protein (casein) in the diet. The caloric value of the NCI pellets may 
be a little higher than that of the Purina chow particularly since the fat 
content of the NCI pellets is a little higher, but the total protein of the 
NCI pellets is a little less than that of the Purina chow. However, the 
protein of the NCI pellets is from good sources, coming primarily from 
the skim-milk powder, the whole hard wheat, and the yeast. 

The 57 percent incidence of hepatomas in our C3Hf males fed Purina 
laboratory chow was still considerably higher than the 27 percent inci- 
dence reported by Andervont in 1941 in C3H males fed Purina dog chow. 
There have been some minor modifications in the Purina diet over these 
years, but such modifications probably would not account for the total 
difference. The possibility of some genetic change affecting incidence of 
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hepatomas in the strain is, therefore, suggested. If such a change has 
occurred, however, it must have occurred before 1945 when our C3Hf 
substrain was separated from the C3H, for there is now no difference in 
incidence of hepatomas between the substrains. 

The principal difference between substrain C3H and the substrains 
C3Hf and C3He used in the present study is that C3H has the mammary- 
tumor agent, whereas C3Hf and C3He do not. Since the 3 substrains 
do not differ in respect to the occurrence of hepatomas, pulmonary tumors, 
or even the hemorrhagic lesions of the liver, it is evident that the presence 
or absence of the agent has no effect on these neoplasms or lesions. 
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PLATE 40 


Ficure 1.—Hemorrhagic lesion classified as hemangioendothelioma in the liver of a 
substrain C3He male treated with urethan. Hematoxylin and eosin. X 135 


Ficure 2.—Hemorrhagic lesion classified as hemangioendothelioma in the liver of a 
substrain C3Hf male treated with urethan. Hematoxylin and eosin. X 340 
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Electron Microscopy of Human Malignant 


Melanoma ':? 


S. ROBERT WELLINGS * and BENJAMIN V. SIEGEL, 
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SUMMARY 


The fine structure of human malignant 
melanoma cells was studied by electron 
microscopy. The melanoma cells were 
characterized by dense melanin gran- 
ules within their cytoplasm. These 
granules averaged 300 muy in diameter, 


Mitochondria and ergastoplasm were 
moderately abundant and their struc- 
ture was similar to that described for 
other cell types. Stromal macrophages 
were characterized by large conglomer- 
ate granules averaging 1100 mz in di- 


were made up of granular and rod- 
shaped internal units, and appeared to 
originate in the Golgi apparatus. 


ameter and were readily distinguish- 
able from the melanocytes.—J. Nat. 
Cancer Inst. 24: 437-461, 1960. 


TO DATE, the fine structural features of the human malignant melanoma 
have not been delineated in any detail. In 1953, Dalton and Felix (1) 
described some of the fine structural features of the Cloudman S91 mouse 
melanoma, including the melanin granules and mitochondria. These 
workers observed that the melanin granules were of high electron density 
and that they tended to be of the same size in any given cell. Birbeck, 
Mercer, and Barnicot (2), also using electron microscopy, found that the 
melanin granules of human hair were made up of finely particulate as 
well as parallel lamelliform subunits. In more recent electron microscopic 
studies (3) it was observed that melanin granules of human malignant 
melanoma cells presented a finely granular inner structure. Evidence for 
the formation of melanin granules in the Golgi apparatus has been ob- 
served by Dalton (4), in the Cloudman S91 mouse melanoma, and by 
Wellings and Siegel (5), in the human malignant melanoma. 

The purpose of this report is to present a detailed description of the fine 
structural features of the human malignant melanoma. 
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WELLINGS AND SIEGEL 
MATERIALS AND METHODS 


The human malignant melanoma tissues were obtained by surgical 
biopsy from 10 individuals. Tissues for electron microscopy were cut 
into 1-mm. cubes with a razor blade and fixed for 2 hours in 1 percent OsO, 
buffered with acetate-Veronal at pH 7.4 and containing sucrose (6). The 
tissue blocks were then dehydrated in a graded series of ethyl alcohols and 
infiltrated with n-butylmethacrylate. Polymerization was accomplished 
at 45° C. for 24 hours. Methacrylate-embedded tissues were cut with a 
glass knife, by using a Porter-Blum microtome set at 50 mu. Sections 
were then mounted on Formvar-coated specimen grids and examined 
in an RCA EMU 2B electron microscope. Prior to viewing, some grids 
were floated on a saturated solution of uranyl acetate, according to the 
method described by Watson (7); tissue treated in this manner was essen- 
tially identical to untreated tissue, except for improved contrast. 

The tissues studied by light microscopy had been paraffin-embedded, 
sectioned at a thickness of 8u, and stained with hematoxylin and eosin. 


RESULTS 


Light Microscopy 


Study by light microscopy revealed that the neoplastic cells were ar- 
ranged in diffuse sheets and nests sparsely provided with supporting 
stroma of connective tissue (figs. 1 and 2). The cells were ovoid and 
displayed the high nuclear-cytoplasmic ratio characteristic of malignant 
cells. The cytoplasm frequently contained a fine dustlike dispersion of 
brown melanin granules; nuclei were large, pleomorphic, and hyper- 
chromatic, while nucleoli were often large and multiple. Macrophages 
containing phagocytosed melanin were readily distinguished from the 
malignant melanocytes. Unlike the neoplastic cells, the macrophages 
had relatively abundant cytoplasm, low nuclear-cytoplasmic ratios, 
uniform nuclei, and brown melanin granules of larger and more variable 
size. In low-power electron micrographs, application of the light micro- 
scopic criteria described was useful in distinguishing the malignant melan- 
ocytes from the macrophages. 


Electron Microscopy 


The nuclei of malignant melanocytes, as seen in the electron microscope 
(figs. 3, 4, 5, and 6), were relatively large, and were circular to ovoid. 
Nuclear membranes were distinct and often showed abrupt infoldings. 
The chromatin was uniformly dispersed as fine granules, and nucleoli 
were often large and multiple. The ergastoplasm was moderately abun- 
dant and consisted of membranes forming flattened sacs (fig. 7). The 
outer surfaces of the membranes were generally provided with an abun- 


dance of ‘‘ribonucleoprotein particles” described by Palade (8). Numerous 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


f 


ELECTRON MICROSCOPY OF MALIGNANT MELANOMA 439 


.imilar “ribonucleoprotein particles’? were generally present in the 
paces between the ergastoplasmic sacs. The interior of the sacs, however, 
vas devoid of particles. 

Electron micrographs revealed from 10 to 50 mitochondria in single 

-ctions through the center of average malignant melanoma cells (fig. 6). 

‘he mitochondria were observed to be circular, ovoid, rod-shaped, or 

regular profiles. Their greatest dimension varied between 0.2 y» and 

0 uw (figs. 6,7, and 8). Their morphology corresponded closely to the 
-lectron microscopic descriptions given by Palade (9). Membranes of 

ie mitochondria were arranged as double-layered envelopes with the 

‘anermost layer folded into systems of characteristic cristae, and were 
approximately 60 A thick. The number of cristae was not great, usually 
varying between 4 and 10 in favorable longitudinal sections. In melano- 

cytes stained with uranyl acetate, by the method of Watson (7), the mito- 

chondrial matrix was frequently observed to contain fine granules or 
threads. These were also observed in tissue treated only with osmic 

acid, but they were less conspicuous. . 

The Golgi apparatus of the malignant melanocytes (figs. 6, 7, 8, and 9) 
was large and sharply defined, consisting of parallel arrays of tubules 
and flattened sacs surrounded by numerous tiny vesicles. This structure 
corresponded to previous descriptions from electron microscopic studies 
of other cells (10,11). As reported in the previous paper from this labora- 
tory (5), the Golgi zone of the melanocytes often contained numerous 
intermediate forms between Golgi vesicles and mature melanin granules. 

The sizes of the melanin granules from malignant melanocytes were 
determined directly from the electron micrographs (table 1); the granules 
of any given cell were relatively uniform and had an average diameter 
of 300 mu. Their high electron density generally exceeded that of other 
cell components. The granules usually were circular or ovoid, and 
internally appeared homogeneously solid, or composed of finer granules 
or rods. These internal granules or rods generally were faintly visible, 
but on occasion appeared notably conspicuous (figs. 10 and 11). The 
internal rods averaged about 300 my in length, while the diameter of 
both the rods and granules was generally 50 my or less. Occasionally, 
a few conglomerate granules of the type most characteristic of macro- 
phages (fig. 12) were found in the cytoplasm of cells adjudged malignant 
melanocytes by all other criteria. 

Macrophages showed conspicuous, fine-structural differences from the 
malignant melanocytes. In general, the macrophages had smaller nuclei 


TasBLe 1.—Melanin granule size in human malignant melanoma 


Approximate Approximate 
Number of range maxi- average maxi- 
granules mum diam- mum diam- 
Cell type measured eters (mp) eter (mp) 


Malignant melanocyte 100 100-600 300 


Macrophage 100 300-3500 1100 
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and nucleoli, and contained fewer mitochondria, less ergastoplasm, and 
less Golgi material than the malignant melanocytes (figs. 13 and 14). In 
addition, the granules of the macrophages usually appeared larger than 
those of the melanocytes (table 1) and were ovoid or circular. Internally 
they appeared as conglomerate structures with finely granular matrices in 
which structures were embedded that were interpreted as melanin (fig. 
12). The internal granular and rod-shaped units of these phagocytosed 
melanin granules were often more prominent and more readily seen than 
corresponding units in the melanin granules of melanocytes. Further- 
more, the rod-shaped internal units of phagocytosed melanin granules 
sometimes showed a longitudinal beaded appearance or periodicity which 
was not apparent in the melanin granules of melanocytes. 


DISCUSSION 


Electron micrographs of human malignant-melanoma cells revealed 
certain distinctive fine-structural features. The nuclear characteristics, 
such as large size and the presence of large and multiple nucleoli, were 
those of malignant cells in general. The requirement of actively growing 
and synthesizing cells for high-energy-containing and enzymatically active 
material was reflected in the relative abundance of mitochondria. Like- 
wise, the moderate abundance of ergastoplasm with associated ‘“ribonu- 
cleoprotein particles” was also in accord with active growth and synthesis. 

The Golgi apparatus of the malignant melanocytes was conspicuous 
and contained intermediate forms between Golgi vesicles and melanin 
granules. The possible function of the Golgi apparatus in the formation 
of melanin granules in human malignant-melanoma cells was reported 
previously from this laboratory (5). It was observed that a multiplicity 
of sizes of melanin granules existed in the Golgi zone, with the smallest 
granules tending to be located near the center; probable intermediate 
stages in the development of melanin granules from small Golgi vesicles 
were also recognized. On the basis of these observations, it was proposed 
that the melanin granules in human malignant melanocytes originated in 
the Golgi apparatus. This might suggest that melanocytes form melanin 
granules analogously to the formation of zymogen granules by merocrine 
secretory cells such as those of the pancreas (12). This concept is essen- 
tially in close agreement with that of Dalton (4), in regard to the Cloud- 
man S91 mouse melanoma. 

The melanin granules of the malignant melanocytes were notable for 
their high electron density, and appeared to be composed of granular and 
rod-shaped structures, the significance of which has yet to be elucidated. 
The phagocytosed granules in the macrophages were observed to be much 
larger than those of the melanocytes, and frequently consisted of a finely 
granular matrix containing objects resembling the smaller melanin gran- 
ules characteristic of the melanocytes. The appearance of the granular 
matrix suggested it might represent altered cytoplasmic constituents, 
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‘icularly ergastoplasm. The macrophage granules could then be a 
co sequence of phagocytosis of relatively large fragments of melanocytic 
 »plasm containing many melanin granules. It should be mentioned 
ih. granules of the type characteristic of macrophages were observed 
in equently in malignant melanocytes. 
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Ficure 1.—Representative light microscopic field from metastatic skin nodule of 
human malignant melanoma, illustrating melanocytes (MM) containing fine 
dustlike melanin granules and macrophages (MA) which have ingested melanin- 
containing granules. Hematoxylin and eosin. X 300 


Ficure 2.—Typical light microscopic field from a lymph node containing metastatic 
melanoma. Entire micrograph consists of nests and sheets of human malignant 
melanoma cells. Hematoxylin and eosin. X 300 
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Figure 3.—Low-power field showing several malignant melanocytes (MM) and a 
macrophage (MA). Melanocytes have granules which are small, variable in 
number, and relatively uniform. Macrophage granules are larger and less uniform. 


Small dense granules in the nuclei, upper- and lower-left corners are interpreted as 
artifacts. Osmie acid fixed, and stained with uranyl acetate. 8,900 
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Figure 4.—Portions of several malignant melanocytes. Nuclei (N), nucleolus 
(NC), melanin granules (ME), and Golgi apparatus (G) are shown. Lower nucleus 
is largely without surrounding cytoplasm. Osmie acid fixed, and stained with 


uranyl acetate. 14,800 
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Figure 5.—Several malignant melanocytes. 


Nuclei (N), cell membranes (CM), 
mitochondria (M), and melanin granules (ME) are shown. 


There are dense chro- 
matin aggregates within the nuclei and adjacent to the nuclear membranes. 


Osmie 
acid fixed, and stained with uranyl acetate. > 16,900 
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Ficure 6.—A typical human malignant melanocyte. Cell membrane is distinct; 
nucleus (N) is quite large and sharply limited by a nuclear membrane which shows 
a single infolding. Mitochondria (M) are circular, ovoid, rod-shaped, or irregular. 
Dense melanin granules (ME) may be noted in lower half of the cell. Golgi apparatus 


(G) is also conspicuous. The irregular cytoplasmic masses and large, dense granules 
at top are interpreted as parts of other cells. Osmie acid fixed, and stained with 
uranyl acetate. > 15,700 
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Fiagure 7.—Part of a human malignant melanocyte illustrating the ergastoplasm (ER) 
with associated “ribonucleoprotein particles,” several mitochondria (M), melanin 
granules (ME), and Golgi apparatus (G). Numerous small melanin granules (ar- 
rows) are observed in the Golgi zone. Osmie acid fixed, and stained with uranyl 
acetate. 39,000 


FieurE 8.—Portions of two human malignant melanoma cells showing cell membranes 
(CM), nueleus (N), nuclear membrane (NM), mitochondria (M), melanin granules 
(ME), and Golgi apparatus (G). Osmie acid fixed, and stained with uranyl acetate. 
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Ficure 9.—Portion of a human malignant melanocyte illustrating nucleus (N), nuclear 
membrane (NM), mitochondria (M), Golgi apparatus (G), melanin granules (ME), 
and cell membrane (CM). Osmie acid fixed, and stained with uranyl acetate. 
38,400 
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Figure 10.—Part of a human malignant-melanoma cell illustrating numerous dense 
melanin granules (ME) with rod-shaped and granular subunits (arrows). Osmie 
acid fixed. > 45,400 

Figure 11.—-Part of a human malignant-melanoma cell illustrating several dense 
melanin granules (ME). The rod-shaped and granular subunits of the melanin 
granules are faintly visible (arrows). Osmic acid fixed. > 48,200 


Figure 12.—-Part of a macrophage illustrating three characteristic conglomerate 


granules. This high contrast print brings out the details of the granules, but 
obscures the surrounding cytoplasmic structures. The finely granular matrix (MX) 
and the embedded melanin granules (ME) are evident. The rod-shaped subunits 
of the melanin granules (arrows) frequently show a longitudinal beaded appearance 
or periodicity. Osmic acid fixed, and stained with uranyl acetate. > 49,000 
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Figure 13.—A typical macrophage containing phagocytosed granules. The cell mem- 
brane (CM), the nucleus (N), and the nucleolus (NC) are readily seen. Also 
clearly depicted are the large size and conglomerate structure of the phagocytosed 
granules (PG). Osmie acid fixed, and stained with uranyl acetate. > 16,800 
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Figure 14.—Macrophage showing nucleus (N), Golgi apparatus (G), and granules 
(PG). Osmie acid fixed, and stained with uranyl acetate. > 13,500 
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Polycyclic Aromatic Hydrocarbons in Roasted 


Coffee 


MASANORI KURATSUNE? and W. C. HUEPER,‘ 
National Cancer Institute,’ Bethesda, Maryland 


SUMMARY 


Four different commercial brands of 
roasted coffee were analyzed for their 
content of polycyclic aromatic hydro- 
carbons. Nine hydrocarbons including 
benzo[a]pyrene were identified in the 


brands of moderately dark, roasted 
coffee, pyrene and fluoranthene were 
identified, but no other hydrocarbons. 
Another brand of darkly roasted coffee 
beans did not show any appreciable 


darkest brand; the amount of these 
hydrocarbons was small. In two other 


amount of hydrocarbons.—J. Nat. Can- 
cer Inst. 24: 463-469, 1960. 


IN THE previous investigations a series of polycyclic aromatic hydro- 
carbons, including potent carcinogenic ones, has been demonstrated in 
the so-called ‘‘coffee soots,” a by-product produced in commercial roast- 
ing of coffee beans (1). This result suggested that these hydrocarbons 
might also be found in commercial roasted coffee. Since coffee has been 
suspected of possible carcinogenic potency by some investigators (2-4), 
it seemed worthwhile to examine roasted coffee beans for their content of 
aromatic polycyclic hydrocarbons. 


EXPERIMENTAL PROCEDURES 


The experimental procedures consisted of a thorough extraction of the 
sample materials with dichloromethane, a series of chromatographic 
fractionations of the extracts, and an examination of the absorption 
spectra of all the chromatographic eluate fractions. The procedures were 
essentially the same as those used in previous experiments (1, 5), to which 
the reader may refer for further technical details. 


1 Received for publication July 8, 1959, 


2A portion of the study was carried out at the Department of Hygiene (Director: Professor Namio Saruta), 
Faculty of Medicine, Kyushu University, Japan. 
Visiting scientist. 


* The authors wish to express their appreciation to Dr. Walter C. Conway, of the National Cancer Institute, 
for his helpful advice. 


‘ National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare. 
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Reagents and Instruments 


The iso-octane used for spectrophotometry was spectro-grade (Phillips 
Petroleum Co.). 

All other solvents were purified by treating the technical or U.S.P. 
grade with carbon (Norit A), followed by distillation. The distillation 
was repeated until the residue (ca. 200 ml.) from the distillation of 10 liters 
of solvent showed no fluorescence. All other chemicals were reagent grade. 

Aluminum oxide, 100 to 300 mesh (Merck), and alumina, 300 mesh 
(Takeda, Japan), were used as the chromatographic adsorbents. They 
were reactivated by heating at 150° to 200° C. overnight. Partially 
deactivated alumina was also prepared by adding 3 or 6 percent of water 
to the reactivated alumina. 

A Cary model 11MS recording spectrophotometer and a manually 
operated Hitachi spectrophotometer were used for spectrophotometric 
examinations. 


ANALYSIS AND RESULTS 


Four different brands of roasted coffee beans were analyzed. They 
will be designated brand A, B, C, and D. 


Brand A 


Brand A, a popular commercial brand, was moderately dark-roasted 
by the so-called ‘‘direct’’ roasting process, in which a gas flame is injected 
into the center of a rotating kiln that contains the coffee beans. The air 
temperature in the kiln was reported to be approximately 400° C. and 
the roasted coffee 200° to 230° C. This brand consisted of pure coffee 
and contained no other ingredients. The unground, roasted beans were 
supplied by the manufacturer for the present analysis. 

Two different extracts of brand A coffee were prepared, namely, a 
dichloromethane extract and a water extract. 

Dichloromethane extract—The coffee beans were ground and sifted 
through a 30-mesh sieve. A portion of the sifted coffee (750 gm.) was 
extracted 5 times with 2 to 2.5 liter portions of dichloromethane under a 
nitrogen atmosphere for a total of 35 hours. The extracts were evaporated 
and 154 gm. of brown residue was obtained. The residue was dissolved 
in 1 liter of warm benzene, and placed on a column of activated alumina 
(6 X 30 cm.). The column was developed with 2.5 liters of benzene, and 
the residue (96 gm.), obtained on evaporation of the benzene eluate, 
was further subjected to a series of chromatographic fractionations by the 
use of deactivated alumina columns. The spectrophotometric investiga- 
tion of the fractions thus obtained revealed the presence of pyrene and 
fluoranthene. Their approximate concentration is shown in table 1. 

Water extract.—Four hundred gm. of the sifted coffee mentioned previ- 
ously, placed in a cloth bag, was infused with 10 liters of boiling water 
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TaBLE 1.—Polycyclic aromatic hydrocarbons in coffee (ug. per 1,000 gm. coffee) 


Brand: 


A B Cc D 


Amount of 
coffee analyzed: 750 gm. 400 gm. 
Dichloro- Hot 
methane water 


170 gm. 


Dichloro- 
methane 


320 gm. 320gm. 1,000 gm. 


Dichloro- Hot Dichloro- 
methane water methane 


Solvent for 
extraction: 


8 5 2 ? 17 
Fluoranthene...... 7 1 3 0 0 15 
Benz[aJanthracene. . 0 0 0 0 0 0. 5 
Chrysene.......... 0 0 0 0 0 2 
0 0 0 0 0 0.8 
Benzofe]pyrene...... 0 0 0 0 0 3 
Benzola]pyrene...... 0 0 0 0 0 4 
Benzo[k]fluoranthene. 0 0 0 0 0 0.8 
Benzo[g,h,z]perylene. . 0 0 0 0 0 4 


for 2 minutes. After standing for 2 days in a refrigerator, the infusion 
was filtered through a filter paper to remove a cloudy sediment. The 
filtrate was condensed to approximately 2 liters by cautious evaporation 
on a steam bath. The condensed infusion was then extracted with 
petroleum ether with a continuous extractor similar to Maneli’s (6). A 
pale-yellow residue (5.07 gm.) obtained on evaporation of the petroleum- 
ether extract was further fractionated chromatographically. Pyrene and 
fluoranthene were demonstrated in these fractions, but no benzo[a]pyrene 
was detected. The concentration of pyrene and fluoranthene in this water 
infusion was lower than in the dichloromethane extract (table 1). 


Brand B 


Brand B, a popular brand of instant coffee, was obtained at a local food 
store. Coffee, 170 gm., was extracted with dichloromethane in a Soxhlet 
apparatus for 10 hours. On evaporation of the extract, 0.607 gm. of 
residue was obtained. The extracted coffee was then dissolved in 3 liters 
of water, acidified with about 50 ml. of concentrated hydrochloric acid, 
and extracted repeatedly with about 500 ml. of dichloromethane in a 
separatory funnel. After standing for half an hour, the lower organic 
layer, strongly emulsified but distinguishable from the upper layer, was 
separated. All the extracts were combined and superimposed with a layer 
of methanol of about 100 ml., and gently shaken. This resulted in a 
complete break of the emulsion. The upper alcohol layer was then 
diluted about tenfold with distilled water and gently shaken with fresh 
dichloromethane. All the dichloromethane extracts thus obtained were 
combined, washed once with distilled water, dried over sodium sulfate, 
and evaporated. The light-brown residue (6 gm.) obtained was then 
submitted to chromatographic fractionation. From these fractions only 
a small amount of pyrene and fluoranthene could be detected, as shown in 
table 1. No other hydrocarbons, which have usually been found in 
combustion or pyrolysis products of organic matter, could be detected. 
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Brand C 


Since no hydrocarbons greater than pyrene or fluoranthene in molecular 
weight were positively identified in brands A and B, another brand of com- 
mercial roasted coffee, brand C, considerably darker than brands A and 
B, was tested. A vacuum-packed sample of the ground coffee was obtained 
from a local food store. Both a dichloromethane extract and a water 
infusion of brand C were examined. 

Dichloromethane extract.—Ground coffee, 327 gm., was extracted with 
dichloromethane in a large Soxhlet apparatus (Corning #3885) under a 
nitrogen atmosphere for 20 hours. On evaporation, the extract yielded 
75.8 gm. of dark-brown, oily residue. Chromatographic fractionation of 
this residue and spectrophotometric examination of the eluate fractions 
obtained did not show any appreciable amount of identifiable hydro- 
carbons. Some of the fractions, however, seemed to contain a trace 
amount of pyrene. This was indicated by small absorption peaks at 333 
my and their chromatographic elution characteristics. However, the 
presence of pyrene was not unequivocally confirmed, because further 
purification of these fractions did not reveal other absorption peaks 
characteristic of pyrene. 

Infusion.—Another batch of brand C, 320 gm., was infused with 8 
liters of boiling water for 10 minutes. The infusion was then filtered 
through a filter paper, and extracted with dichloromethane by using a 
liquid-liquid extraction apparatus (7) for about 20 hours at an approximate 


circulation rate of 10 liters per hour. Addition of about 20 ml. of octyl 
alcohol was required to prevent foaming. The dichloromethane extract 
was evaporated and the residue thus obtained was subjected to chroma- 
tographic fractionation. Again, tiny but distinct absorption peaks at 333 
my were observed in some eluate fractions, suggesting a small amount 
of pyrene, but the unequivocal presence of pyrene was not established. 
Demonstration of other hydrocarbons also failed. 


Brand D 


In view of the results of the experiments described, polycyclic aromatic 
hydrocarbons, if present at all, exist only in very minute amounts in 
roasted coffee beans. Therefore another analysis was performed on a 
relatively large amount of an extremely dark, roasted coffee. It was 
almost black and the surface of the beans was greasy and glistening. The 
beans had been roasted in a perforated metal kiln which was kept rotating 
over a gas flame. No information on the kiln temperature during the 
roasting was obtained. This coffee contained no other ingredient than 
coffee beans. It was supplied by the manufacturer as a commercial sample 
for the present analysis. The coffee beans were coarsely ground with a 
Waring blendor. As it was too greasy to sift, the ground coffee was 
directly extracted with dichloromethane in the large Soxhlet apparatus 
for 24 hours. It was then dried, and sifted through a 40-mesh sieve. 
The coffee particles which were retained on the sieve were ground again 
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until small enough to pass through the sieve, and then extracted with 
dichloromethane until the final extract was a faint yellow. All the 
extracts were combined and evaporated. Thus, 183.5 gm. of brown 
residue was obtained from 1 kg. of the original coffee beans. It was dis- 
solved in dichloromethane and gently shaken with 3 percent HCl, then 
with 3 percent NaOH, washed with water, and dried over anhydrous 
sodium sulfate. The neutral fraction thus prepared was repeatedly frac- 
tionated by chromatography. As shown in table 1, 9 hydrocarbons were 
identified. A trace amount of anthanthrene also seemed to be present as 
indicated by small but distinct absorption peaks observed at 428 mu and 
420 my in iso-octane. Phenanthrene, anthracene, fluorene, acenaph- 
thene, acenaphthylene, and coronene, which are common constituents 
of pyrolysis products of organic material, were carefully pursued but 
could not be identified. 

Since the level of the hydrocarbons identified was fairly low and the 
analytical procedures used were rather complicated, it seemed doubtful 
whether the figures listed in table 1 accurately represented the concentra- 
tion of the hydrocarbons. Therefore another experiment was carried 
out in which the recovery of benzo[a]pyrene was examined. Benzofa]- 
pyrene, 133 ywg., was mixed with 500 gm. of the ground brand D coffee 
and separated by the same method used in the analysis of brand D. One 


hundred eighteen yg., or 89 percent, of the added benzo[a]pyrene was 
recovered. 


DISCUSSION 


The present experiments clearly demonstrate that some commercial 
roasted coffees contain polycyclic aromatic hydrocarbons. The con- 
centration of these hydrocarbons is, however, considerably smaller than 
in other combustion or pyrolysis products. Hydrocarbons larger than 
pyrene or fluoranthene in molecular weight were identified only in brand D 
coffee, which was the most darkly roasted of the coffees tested. This 
fact suggests that hydrocarbons with greater molecular weight, including 
benzo[a]pyrene, are present only in excessively roasted coffee and they 
are not in ordinary dark-roasted coffee in a demonstrable amount. 
It is conceivable, however, that the hydrocarbon content of the coffee 
is not always related to the appearance of the roasted coffee beans. For 
instance, brand C coffee was considerably darker than brands A and B, 
but it did not seem to contain any appreciable amount of the hydrocarbons. 
The roasting operation differs from plant to plant in temperature attained, 
duration of heating, method of heating (‘‘direct’’ or ‘‘indirect’’), ventilation 
of the kiln, and method and rate of cooling the beans after roasting. Coffee 
may be “double roasted” or “‘single roasted.’”’ Maintenance and cleaning 
of roasting equipment vary. Coffees are also stored and packaged in 
different ways. These factors are probably involved in the formation 
of aromatic hydrocarbons during roasting, as well as in the preservation 
of hydrocarbons in finished coffee. 
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As observed in an analysis of brand A coffee, pyrene and fluoranthene 
were found not only in the dichloromethane extract but also in the water 
infusion which was prepared by simply immersing the ground coffee in 
hot water for 2 minutes. Brand B instant coffee also contained these 
hydrocarbons. It may be concluded from these observations that if 
there are polycyclic aromatic hydrocarbons in roasted coffee they will be 
transferred to the finished beverage. This may be true for benzo[a]pyrene, 
too. Caffeine contributes, without doubt, to a solubilization of these 
hydrocarbons in water (8). 

It was possible to recover 89 percent of a 133 ug. quantity of benzofa]- 
pyrene that was added to ground coffee. It is uncertain, however, 
whether such a large fraction of the hydrocarbon can be recovered when 
only a few micrograms are present. Therefore the figures in table 1 
should be considered as minimum quantities. 

With all the considerations mentioned, one can say that brewed coffee 
can be one of the various sources from which polycyclic aromatic hydro- 
carbons, including carcinogenic ones, reach the digestive organs. If a 
person drinks 5 cups of coffee daily, brewed from brand D coffee beans, 
his daily intake of pyrene and benzo[a]pyrene from this source will be 
about 0.4 wg. and 0.1 ug., respectively, assuming that benzo[a]pyrene is 
eluted into aqueous infusion of coffee beans. If he uses other brands 
of coffee, the intake will be considerably less or absent. It is entirely 
unknown whether or not a persistent intake of trace amounts of benzof[a]- 
pyrene has any significance in human carcinogenesis of the alimentary 
tract. In addition to coffee, however, many other substances, ¢.g., 
smoked foodstuffs (9, 10, 11), charred dough resulting from excessive 
baking or toasting (12), sea food collected from water polluted with ship 
fuel and industrial sewage (5), paraffin wax used for coating of food 
containers (13), paraffin oil used for medicinal purposes, medicines con- 
taining creosote, soot particles which are inhaled and then transferred 
into the alimentary tract, tobacco tar, can be additional dietary sources 
of aromatic carcinogens. Thus coffee constitutes only a portion of the 
total intake of the carcinogens. At present, however, no one can state 
with certainty the significance of aromatic hydrocarbons in carcinogenesis 
of the human alimentary canal, mainly for the following three reasons: 

1. There is no reliable figure available concerning the magnitude of 
the daily intake of carcinogenic aromatic hydrocarbons by the average 
person. 

2. It is not yet known how much carcinogen, ingested daily or almost 
daily for many years, is required for producing cancers of digestive organs. 
This is especially true in the case of gastric cancer which, moreover, has 
not as yet been produced by physiologic procedures in the glandular 
gastric mucosa of experimental animals. 

3. There are many factors which directly or indirectly influence car- 
cinogenesis of the alimentary tract, but few have been thoroughly or 
fruitfully investigated. 
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Recently Voitelovich et al. (14) observed, in an excellently organized 
and developed small-scale statistical study, a close relationship between 
a high incidence rate of cancer of the alimentary tract and a frequent con- 
sumption of smoked fish. Many further studies are required to elucidate 


the possible significance of aromatic carcinogens in carcinogenesis of the 
alimentary tract. 


In view of these experimental and environmental human observations, 
ordinary wisdom will indicate the desirability of minimizing or eliminating 


all sources of carcinogenic polycylic hydrocarbons which may be taken 
through the gastrointestinal route. 
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SUMMARY 


The deoxyribonucleic acid (DNA) con- 
tent of individual nuclei was measured 
in cells from the large intestine of man. 
Normal epithelium, histologically be- 
nign adenomatous polyps, and adeno- 
carcinomas were studied. Measure- 
ment was by microspectrophotometry 
of Feulgen-stained nuclei with a two- 
wavelength technique, utilizing cells 
in mitosis to eliminate variations from 
DNA synthesis in interphase. A basal 


sity of Saskatchewan, Saskatoon, Saskatchewan, Canada 


closely corresponding to the expected 
mitotic doubling of the diploid amount. 
DNA value in telophase was half that 
of metaphase and corresponded to the 
lymphocytic value. Cells of the adeno- 
carcinomas gave consistently aneuploid 
values, showing some scatter but 
grouped about two values in the hyper- 
diploid and hypertriploid regions. Ei- 
ther or both aneuploid values were 
present in each carcinoma, and showed 


diploid DNA value was given by lym- 
phocytes present in the _ sections. 
Metaphases in both normal epithelium 
and benign polyps yielded DNA values 


no correlation with the histological 
grade of malignancy.—J. Nat. Cancer 
Inst. 24: 471-482, 1960. 


THE TRANSFORMATION of normal into malignant cells has been 
frequently associated with changes in the genotype. Boveri (1) and 
Winge (2) as early as 1914 and 1927, respectively, suggested that this 
genetic alteration during carcinogenesis is caused by an abnormal chromo- 
some complement. This original hypothesis has been supported recently 
by a series of detailed chromosome analyses of neoplastic cells, which 
finally led to the postulation of the ‘‘stemline-cell hypothesis” (3-6). A 
population of tumor cells is characterized by the occurrence of cells having 
a particular, generally aneuploid, chromosome number (3, 5-12), struc- 
tural changes of individual chromosomes (4, 13-16), and the presence of 
“new’’ chromosomes, such as ring, S-, or V-shaped chromosomes (17, 18). 
It is generally assumed that these particular cell types are the primary 
progenitors of the tumor. This hypothesis, however, is based almost 
entirely on studies of ascites tumors or on ascitic fluids induced by primary 
tumors (9,19). Solid tumors, in general, offer great difficulties in making 
preparations suitable for an exact chromosome analysis. 
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This limitation in chromosome analysis can be offset by determining 
the DNA content per nucleus. Since it is known that the amount of 
DNA corresponds in general to the number of chromosomes (20-27), it 
should be possible to calculate the unknown chromosome number from 
a given DNA value. This procedure, however, is not completely void of 
difficulties. The DNA content per nucleus might rise, due to an increase 
in polyteny (28, 29), while the number of chromosomes remains unchanged; 
and chromosome rearrangements might occur, such as described in tumors 
of Chinese hamsters (15, 30, 31), that may be missed in the DNA measure- 
ments. Finally, there is the question of whether the DNA content is 
really as constant as generally assumed (28, 29, 32, 33). 

In spite of these possible objections in interpreting DNA data, it 
appeared possible to gain some information concerning the genetic back- 
ground of tumor cells by measuring the DNA content in metaphase and 
anaphase. The DNA determination in both mitotic stages has the 
advantage that the DNA values correspond to the chromosome set without 
any interference by the gradual DNA synthesis. Measurements of the 
DNA content of interphase nuclei give, in general, a complex picture 
because of the doubling of the DNA content (34-37), which causes great 
difficulties in extrapolating the basic DNA content of a cell population. 
These difficulties, however, can be avoided by using microspectropho- 
tometry with the two-wavelength technique of Patau (38, 39), which 
enables DNA determination in mitotic chromosomal groups of single cells. 


MATERIALS AND METHODS 


The adenocarcinomas and polyps of the large intestine and the normal 
epithelium were obtained by operative excision and biopsies. The 
tissues were fixed in 5 percent neutral formalin, embedded in paraffin, and 
cut at 10 or 15 y, depending on the size of the nuclei. For the measure- 
ments of the DNA content, the sections were hydrolyzed with n HCl at 
60° C. for 10 minutes, stained in leucobasic fuchsin for 90 minutes (40), 
washed in SO, containing water, and mounted in Technicon or in an 
immersion oil of a refractive index equal to the particular tissue. 

For the photometric determination, a microspectrophotometer similar 
to that described by Swift and Rasch (41) was used. The two-wavelength 
method of Patau (38, 39) was applied, with the correction tables of Swift 
and Rasch (41). Before each series of measurements, the microspectro- 
photometer was checked for proportionality of light intensity to area and 
for the absence of photometric errors, by plotting the extinctions at 
different wavelengths of a homogeneous area of a slightly stained nucleus 
against that of an intensely stained nucleus (41). The technique applied 
here has recently been critically evaluated by Mendelsohn (42, 43). 

Metaphases and telophases in non-necrotic areas were selected for the 
DNA measurements. Only metaphase plates lying parallel to the plane 
of sectioning were used. Since the thickness of the metaphases did not 
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exceed 6 yw, a great number of uncut metaphase plates could be found in 
normal and pathological tissue. 

The symbol C is used in this paper for the amount of DNA correspond- 
ing to a nucleus with a haploid chromosome number. It must be kept in 
mind, however, that 2C and 4C express a DNA amount twice or four 
times as high as the basic C value, but do not necessarily indicate the 
presence of diploid and tetraploid chromosome numbers. A nucleus 
belonging to a diploid class has a DNA amount of 2C in telophase, of 4C 
in metaphase, and all intermediate DNA values between 2C and 4C 
during interphase. The metaphase plates of normal epithelium, as 
shown in text-figures 1 to 3, have twice the DNA amount of lymphocytes, 
but belong to the same class because they have a normal diploid 
chromosome number. 


RESULTS 


Normal Tissue 


Since the tumors studied were of epithelial origin, the DNA content of 
epithelial cells in 4 specimens of normal large intestine was examined. In 
addition, the DNA content of lymphocytes and polymorphonuclear leu- 
kocytes in the same sections was determined. The DNA content of the 
cells of mesodermal origin can be used as a representative DNA value for 
a normal diploid chromosome set (34). The DNA value of the lympho- 
cytes is recorded in solid columns on all frequency histograms (text-figs. 
1, 3, 4, and 5). The metaphases of the normal epithelial cells have a 
DNA content twice as high as in lymphocytes or polymorphonuclear cells 
(text-fig. 1). The telophases show a DNA content half that of the meta- 
phases (text-fig. 2). The ratio between lymphocytes and metaphases is 
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TExt-FIGURE 1—DNA content of metaphase plates of normal intestinal epithelium 
(outlined) and of lymphocytes (solid). 
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TextT-FIGURE 2.—DNA content of telophase nuclei of 1 normal intestinal epithelium, 
2 rectal polyps (#2812 and #8120), and 3 adenocarcinomas (#1603, #A2, and #851). 


1: 2.01, between telophases and metaphases 1 : 1.99, and between telo- 
phases and lymphocytes 1 : 1—which agrees with the theoretical values 
1:2,1:2,and1: 1, respectively. No polyploid cells have been detected 
so far in the normal intestinal epithelium. 


Rectal Polyps 


The DNA content of polyps from 8 different patients are shown in 
text-figure 3. The DNA content of lymphocytes was used as a reference 
system. All the metaphases of 6 polyps had a DNA value of 4C, indi- 
cating that the examined cells belong in the diploid class. In 2 of the 
polyps studied (#2812 and #8120), however, few metaphases containing 
a higher DNA content were found (text-fig. 3). Since the DNA content 
is close to the 8C value, it can be assumed that these few cells belong in a 
tetraploid class. Whether the presence of polyploid nuclei can be con- 
sidered as a specific characteristic of polyps cannot be decided at present, 
since the existence of a few polyploid nuclei in normal intestinal epithelium 
cannot be completely excluded. The DNA content of one case of heredi- 
tary multiple polyposis is shown in text-figure 4. The 4 polyps examined 
were taken from 4 spots, each about 1 cm. from the other. All nuclei 
belong to the diploid class. The DNA ratio between lymphocytes and 
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TEXT-FIGURE 3.—DNA content of metaphase plates of rectal polyps (outlined) and 
of lymphocytes (solid). 
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TEXxtT-FIGURE 4,—DNA content of metaphase plates of polyps of one patient with 
hereditary multiple polyposis (outlined) and of lymphocytes (solid). 
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metaphases in epithelial cells of polyps is 1 : 2.16—thus, 8 percent higher 
than the theoretically expected 1 : 2 ratio. . 


Adenocarcinomas of the Large Intestine 


Adenocarcinomas of 10 patients were examined for their DNA content 
and the occurrence of pathological mitosis. Two of the tumors (#89 and 
#A.) are well-differentiated adenocarcinomas of a polypoid form and a 
low-grade malignancy (grade I). The cells are predominantly of elon- 
gated columnar form, with nuclei varying from elongated to shorter ellip- 
soid shapes. The cells are regularly oriented in several layers about 
pseudoacini and rest upon basement membranes, which were intact in 
all sections examined. The 8 remaining tumors are poorly differentiated 
adenocarcinomas of a high-grade malignancy and only in a few areas 
show a slight tendency to papillary formation with distorted cavities. 
The carcinomas #851, #6101, #2784, and #1594 appear more anaplastic 
(grade III) and of more distorted cellular form than the others (#480, 
#1603, #1376, and #5642). 

The results of the DNA determinations are shown in text-figure 5. All 
the carcinomas studied have a cell population with an aneuploid DNA 
content. The great majority of measured cells of the adenocarcinomas 


Text-FIGuRE 5.—DNA content of metaphase plates of adenocarcinomas of the large 
intestine (outlined) and of lymphocytes (solid). 
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#1603, #1376, #5642, and #2784 belong in the hypertriploid range, 4 tumors 
(#851, #6101, #A,, and #89) have a hyperdiploid DNA content, tumor 
#480 consists of cells having both hypertriploid and hyperdiploid DNA 
values, and carcinoma #1594 shows a wide scattering of DNA values. A 
small number of metaphases with higher DNA values were found in 4 of 
the adenocarcinomas studied (#5642, #2784, #851, and #6101). It ap- 
pears that the high DNA values represent multiples of the basic aneuploid 
DNA content characteristic of the particular tumor. 

The DNA content of early telophases amounts to half the DNA value 
of the metaphases of carcinomas, which corresponds to conditions found 
in polyps and normal tissue (text-fig. 2). Three examples are given in 
text-figure 2. This demonstrates that the examined metaphases repre- 
sent the DNA content of the dividing cell population. The possible 
criticism to the effect that the metaphases studied belong to abnormal 
cells unable to complete cell division can therefore be discarded. This 
result seems to differ from the conditions observed in human ovarian 
tumors, in which cells with abnormal DNA content seem to accumulate 
in the metaphase stage (44). 

The distribution of the DNA values in most of the tumors examined 
shows a scattering around particular modal values. This scattering 
might be caused by variation in the DNA content or might be the result 
of technical error. To elucidate this point, 2 different experiments were 
undertaken. First, the amount of DNA in 1 of the metaphases of tumor 
#1603 was determined by 15 repeated measurements taken on different 
days, with various diaphragm sizes and blank readings performed on differ- 
ent spots. The frequency histograms (text-fig. 6) show that the spread 
of the DNA values of repeated measurements is significantly smaller than 
the scattering of the DNA data obtained by measurements of 30 different 
metaphases in the same section. The coefficient of variation between 
different cells is 9.7, but it amounts to only 4.9 in the series of repeated 
measurements. The second experiment consisted of selecting 2 meta- 
phases of the same tumor whose DNA content differed by approximately 
3 arbitrary units. The DNA amount was determined in each metaphase 
by 10 repeated measurements. The plotted data (text-fig. 6) show a 
bimodal distribution indicating that the differences of their DNA content 
can be considered significant. 

The results presented give evidence that the DNA of individual meta- 
phases is not identical and that there exists a true variation of the DNA 
content of a given cell population after the elimination of variations due 
to the errors of measurement. The simplest interpretation of these data 
is by assuming a small, but persistent, variation of chromosome numbers 
around a modal value which causes the observed variation in the DNA 
content. The reason for this variation in the DNA content or chromo- 
some number might be sought in the loss or addition of chromosomes or 
chromosome fragments during pathological mitosis. For information on 
this problem, normal tissue, polyps, and adenocarcinomas were screened 
for the presence of abnormal mitosis. Only undoubted abnormalities, 
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TextT-FiGuRE 6.—DNA content of 30 different adenocarcinoma cells (first line), 
of 1 cell measured 15 times (second line), and of 2 cells measured 10 times each 
(third line). Abscissa: number of measurements. Ordinate: DNA in arbitrary 
units. 


such as chromosome bridges, chromosome fragments, and multipolar 
mitosis, were counted and summarized in table 1. 
If the DNA data, excluding the higher polyploid nuclei of the tumor 


cells described and of 2 additional tumors (unpublished), are pooled 
together, a regularity seems to emerge (text-fig. 7). The bimodal 
frequency histogram indicates that the distribution of the DNA values 
of tumor cells is not at random but shows an accumulation around a 
lower (15 units) and a higher (22 units) aneuploid value. 

In the series of tumors examined, there does not seem to be a correlation 
between the degree of malignancy as revealed by histological examination 


TaBLe 1.—Number of abnormal mitoses in normal epithelium, polyps, and adeno- 
carcinomas 


Abnormalities per 100 mitoses 


Chromosome Chromosome Multipolar 
Specimens Number fragments bridges mitosis 


Normal epithelium 1603 
1376 
1873 


Polyp 2812 


Adenocarcinoma 


wOoronn 


O 
OR CKO KOO 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


478 
(2 
8 
4 
ae 18 4 30 
12 
8 
4 
18 24 30 
8 
4 
18 24 30 
3033 
480 
1376 
1603 
2784 
89 
851 


DNA CONTENT OF POLYPS AND CARCINOMAS 


Number of Measurements 


18 20 22 24 26 
8c 
DNA 


TexT-FIGURE 7.—Frequency histogram of DNA values of all adenocarcinomas 
studied. 


and a certain aneuploid DNA content of the carcinoma cells. Highly 
anaplastic carcinomas can have a hyperdiploid as well as a hypertriploid 
DNA content. 


DISCUSSION 


By measuring the DNA content in metaphases and telophases, any 
interference due to DNA synthesis was excluded. It seems very likely, 
therefore, that here the amount of DNA is strictly correlated to the 
chromosome number. A preliminary study of the adenocarcinoma 
#A, revealed a chromosome distribution in the hyperdiploid range 
between 56 and 64 chromosomes, which is in good agreement with the 
hyperdiploid DNA values (text-fig. 5). As further support for this 
conclusion, the results on Ehrlich and Krebs ascites tumors (8, 11), 
on HeLa strain cells (20, 22), and on cells during spermatogenesis (26) 
can be quoted. A good correspondence of chromosome numbers and 
DNA values was observed in all these specimens. If this assumption is 
accepted, then the abnormally high DNA values of the adenocarcinomas 
examined demonstrate the presence of aneuploid chromosome numbers in 
the tumor cells, but the DNA of the polyps examined and of the polyps 
studied by Leuchtenberger et al. (45) indicate a diploid chromosome set. 
However, it cannot be excluded at present that the polyps differ from 
normal cells in their chromosome composition. This possibility must 
be kept in mind since the occurrence of variation of individual chromo- 
somes in neoplastic cells has been demonstrated (30). It must also be 
considered that a deviation of 1 to 3 chromosomes from the diploid number 
would escape the detection of the technique applied. We can therefore 
only conclude that any chromosomal abnormalities of polyps, if present 
at all, must be small when compared to the aneuploidy observed in the 
adenocarcinomas. The consistent difference in the DNA values of the 
8 benign polyps and 10 adenocarcinomas was established by measuring 
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30 nuclei in each tumor. The results were confirmed in a further series 
of 15 polyps and 11 carcinomas, in each of which only 3 nuclei were 
measured, and this small number of measurements served to demonstrate 
the clear difference between the benign and malignant neoplasms (46). 

The relatively narrow spread of the DNA data of metaphases and 
telophases gives evidence that the dividing cell populations of most 
adenocarcinomas consist mainly of cells with a similar chromosome num- 
ber. It was established, however, by comparing repeated measurements 
of one nucleus with those on different nuclei and by the bimodal distribu- 
tion of the DNA values of repeated measurements on two different 
nuclei, that a true variability in DNA content of individual metaphases 
exists independently of the error of the measurements. 

The result indicates that cells with one particular DNA value are most 
frequently, but not exclusively, present in the dividing cell population 
of a given adenocarcinoma. The simplest interpretation of these data 
would be to assume that cells with particular chromosome complements 
are able to multiply faster than cells with other aneuploid combinations. 
A small difference in the mitotic rate of different aneuploid cells would 
finally result in an overgrowth of the cell population by the faster dividing 
cells. 

This raises the question whether one or more particular DNA 
values occur more frequently than might be expected from random 
distribution. Pooling of all available DNA values for carcinoma cells 
gives a frankly bimodal distribution curve with peaks about hyper- 
diploid and hypertriploid modal values. These two aneuploid values 
appear to be optimal for cells of adenocarcinomas of the large intestine 
and are presumptive evidence that the dominance of these DNA values is 
the result of a selective process. The existence of a selection with altera- 
tion in chromosome numbers after heterologous transplantation has 
been demonstrated (47), and stabilization has been presumed to occur 
at the level of optimal genetic accord with the host. The importance 
of a specific aneuploid value for survival has been shown when such 
values are altered during culture in vitro. The newly selected aneuploid 
cells have no malignant properties for their former host (16). However, 
the lack of any “stem line” in the aneuploid population of one carcinoma 
(#1594) clearly demonstrates that the presence of one cell line with a 
particular DNA value is not an absolute necessity for neoplastic growth. 
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SUMMARY 


Among 910 women with cancer of 
the breast or reproductive system and 
291 controls, a significant excess of 
Negro women and a deficit of Jewish 
women had cervical cancer. Ancestry 
was unrelated to 5-year survival among 
women with treated breast, cervical, 
or endometrial cancer. Negro women 
developed breast cancer 5 years earlier 
than white women, but age was unre- 
lated to outcome of treated breast or 
cervical cancer. Age at natural meno- 
pause, alcohol consumption, and (with 
667 controls) ABO blood type and age 
at menarche showed no association 
with cancer. Women with endometrial 
cancer, much heavier and_ stockier 
than age-matched normal women or 
those with breast or cervical cancer, 
had somatotypes with increased “‘endo- 
morphy” (fat) rather than ‘“‘meso- 
morphy” (bone and muscle). Those 
whose uterine corpus cancer developed 
before age 50 years were less obese 


! Received for publication June 4, 1958; revised September 17, 1959. 


and less fertile than those with later 
onset. White women with corpus 
eancer included a high percentage 
(19%) of diabetics, though the diabetics 
were no more obese than the non- 
diabetics, and were similar in ancestry. 
Women with cervical cancer and those 
responding poorly to therapy of cervical 
or breast cancer were low in meso- 
morphy, whereas Negro women with 
fibromyomas were strikingly meso- 
morphic. White women with cancer 
of the breast, cervix, or ovary were 
more feminine morphologically than 
normal white women. When com- 
pared with breast- or corpus-cancer 
patients, cervical-cancer patients were 
more likely to be married and at a 
younger age, to have more pregnancies 
and deliveries, to be less often nulli- 
parous, and to develop cancer when 
married, even though nulliparous—J. 
Nat. Cancer Inst. 24: 483-516, 1960. 


2 Supported by field investigation grant CS-9417 (C) from the National Cancer Institute, National Institutes 


of Health, Public Health Service. 


3 Present address: Harvard School of Public Health, 1 Shattuck Street, Boston 15, Mass. Work done during the 
tenure of a Research Fellowship of the American Heart Association. 

4 Collection of the data began in 1939 in the late Dr. George Draper’s Constitution Laboratory and continued 
under his successor as Director, in 1946, Dr. William H. Sheldon. Dr. Sheldon initiated the present research 
and aided it in many ways, but should not be held responsible for this report. The study could not have been 
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Moore, and Joseph Snyder. Dr. Selma T. Damon assisted in statistical computation, and Louisa Fincke, 
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IN CANCER, as in other chronic diseases, individual susceptibility or 
resistance plays a major role. Investigation of innate, constitutional, 
or “host” factors may therefore provide clues to the mechanism of disease, 
as well as to its diagnosis, prognosis, and treatment. One host factor, 
body form, has long been believed to show distinctive patterns among 
cancer patients. In 1878 Beneke (1), a pioneer in modern constitutional 
studies, mentioned a “cancer type,” said to be of pyknic or “musculo- 
digestive” rather than asthenic or linear build. His views were repeated 
with approval by some later writers, notably Julius Bauer (2) and Aschner 
(3). However, no convincing evidence was presented, and other patholo- 
gists have doubted any such association, based on their own impression 
(4) or on actual research (5). 

In an extensive study Benedetti (6, 7) investigated the physique of 
604 Italians with cancer of 10 major sites, using Viola’s anthropometric 
technique. He reported that in general such patients did not differ 
greatly from ‘‘normal” controls of the same age and locality. Those with 
cancer of the oral cavity and of the digestive system other than the 
stomach, and women over 40 years of age, with cervical cancer, did not 
differ from normal women. Women with breast, ovarian, and uterine 
corpus cancer, as well as those under 40 years with cervical cancer, were 
said to tend toward laterality of build. However, there were only 16 
women with ovarian and 22 with corpus cancer. Recalculation of 
Benedetti’s data by the X? test shows that the association reached 
statistical significance at or below the 5 percent level only for the 31 
patients under age 40 years, with cervical cancer, where P <0.01. 
Patients with cancer of the skin and stomach were said to be more linear 
than normal. This held at the 3 percent significance level for 31 men 
with skin cancer and well below the 0.1 percent level for 106 men with 
gastric cancer; 46 women with gastric cancer showed no relationship 
whatever, and only 16 women had skin cancer. Thus Benedetti’s data 
sustained his general conclusion, that patients with cancer did not differ 
greatly from the normal, rather than his assertions concerning specific 
types of cancer. Some of the latter, however, may warrant attempts 
at confirmation. 

Later students (8-10) of cancer among women reported that those with 
corpus cancer weighed more than those with cervical cancer (Corscaden 
and Gusberg) or without cancer (Garnet), and that those with breast 
or uterine cancer, without distinction as to cervical or endometrial type, 
were stockier than women with pernicious anemia, duodenal ulcer, 
acute rheumatic fever, or migraine (Draper, Dupertuis, and Caughey). 
Corscaden’s and Draper’s patients were from the Presbyterian Hospital 
in New York City, and many of them were included in the present study. 

Since 1940, the somatotype technique (/1) has provided a tool for 
describing body form concisely, quantitatively, and with statistical 
reliability. The somatotype is a scaled rating, from 1 to 7 by half-point 
stages, of three components of body build: endomorphy, or roundness 
without ruggedness; mesomorphy, or bony muscularity; and ectomorphy, 
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or linear fragility. The scaling is based on ratios of weight and various 
body diameters to stature, and on published reference standards (12). 
Height and weight are measured directly; the other dimensions are taken 
from photographs of front, side, and back poses. 

The somatotype has been reported (13-18) to correlate significantly 
with body fat (Dupertuis et al.) and serum cholesterol (Tanner), type of 
onset of diabetes (Lister and Tanner), otosclerosis and Meniere’s disease 
(Damon, Fowler, and Sheldon), and particularly with coronary heart 
disease (Gertler, White et al. and Spain et al.). Lack of association has 
been reported (19, 20) between somatotype and acne vulgaris (Damon), 
bronchial asthma, cholelithiasis, and peptic ulcer (Brouwer). 

In 1949, Sheldon (21) published some preliminary data on cancer 
patients from the Presbyterian Hospital wards and clinics. Women with 
breast and uterine cancer (both cervical and endometrial, chiefly the 
former) were strikingly concentrated in the endomorphic-mesomorphic 
(fat-muscular) regions of the somatotype continuum. However, Sheldon 
questioned whether this concentration might reflect the physique of 
Presbyterian Hospital patients generally, rather than of those prone to 
mammary and uterine cancer. Such an interpretation was favored by the 
similar somatotype of patients, from the same hospital, with other 
diseases, such as cholelithiasis, duodenal ulcer, diabetes, and heart disease. 
To test this possibility, as well as to explore additional host factors and 


the course of disease among cancer patients, the present study was under- 
taken. 


CLINICAL MATERIAL 


The subjects were 1,201 women from the wards and clinics of the 
Presbyterian Hospital and the associated Sloane Hospital for Women, 
observed between 1939 and 1956. Table 1 shows their race and diagnoses. 

The only conscious selection of cancer patients was by diagnosis of 
breast, cervical, or corpus cancer, and by ability to stand unaided for 
photography. For several months, all women attending two outpatient 
clinics, breast surgery and gynecology, were routinely sent for constitu- 
tional study, including photography. Both clinics yielded some women 
without cancer or other known disease who were used as “normal” 
controls. At other periods, ward or clinic patients were obtained in- 
dividually. While participation was voluntary, so few women declined 
that this was not a source of bias. 

Patients with non-hormone-secreting ovarian cancer were utilized when 
enough had been studied to warrant statistical analysis. Their incidence 
in table 1, as well as that of the other diagnostic categories, cannot pretend 
to represent their true incidence in the Presbyterian and Sloane Hospital 
population, since the sampling was not systematic. 

Pathological diagnosis in the women with neoplasms rested on tissue 
examination in all but 4 patients whose clinical data were conclusive. 
Sarcomas were discarded. Breast-cancer cases included only carcinoma; 
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TasBLe 1.—Composition of study—diagnosis and race of female patients from 
Presbyterian Hospital 


Whites Negroes 


Tota 
No. % No. % No. 


Diagnostic group 
1 


Corpus—C L* 
ward 
—PHf private 
26 86 4 
(21) (91) (2) 
42 
383 
Prognostic group 
Breast cancer 
Good prognosis, good result 
Better than expected result 
Worse than expected result 


Poor prognosis, poor result....... 
Inoperable 


Cervical cancer 
Stage 0 
Stages II and III—with 5-year 
survival 
Stages I, II, I11I—without 5-year 
survival 


*Constitution Laboratory patients, photographed. 
tSloane-Presbyterian Hospital patients, exclusive of the above. See text. 


tAdditionally, 225 white and 151 Negro women from the pregnancy clinic were used in studying blood type and 
menarcheal age. 


cervical cancer was epithelial or squamous cell in type, with adenocar- 
cinoma excluded, whereas corpus cancer was solely adenocarcinoma. To 
investigate certain host factors, not involving photography, the small 
corpus-cancer series of 89 patients from the Constitution Laboratory 
(CL) was supplemented by virtually the entire additional Sloane-Presby- 
terian Hospital (PH) experience of 349 patients with corpus cancer 
diagnosed between 1936 and 1956. Within this PH group, ward and 
private patients (the only private patients in the study) were analyzed 
separately. 

The multiple-cancer category (table 2) included patients with cancer of 
the breast, cervix, corpus, or ovary plus histologically distinct malignancy 
elsewhere in the body. Additional cancers were relatively rare among 
Negroes (2 of 23 patients) and tended, in 15 of the 23 cases, to occur 
elsewhere in the reproductive system, as noted by Haagensen (22), by 
others whom he quotes, and by Desaive (23). Two patients with ovarian 
cancer also had melanoma—a rare neoplasm. 

To evaluate the patients’ course with respect to host factors rather 
than stage of disease, prognostic groups were set up for breast and cervical 
cancer, contrasting those patients responding to therapy better or 
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Cancer 
18 89 
19 125 
2 224 
14 30 
(9) (25) 
42 
1, 201 
38 
31 
19 
30 11 41 
19 7 26 
11 37 48 
24 20 44 
15 12 27 
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TaBLE 2.—Sites of other cancer in 561 women* with cancer of the breast, uterine 
cervix and corpus, or ovary 


White 
(351) 


Negro 
(210) 


Breast and: 


Cervix and: 
Ovary and melanoma 


Uterine corpus and: 


Ovary and: 


2 (1.0%) 


*Forty-two patients with fibromyomas, and 349 with corpus cancer from the Presbyterian Hospital but not 
studied in the Constitution Laboratory, have been excluded from the total of 952 with neoplasms. 


worse than expected for their stage of disease. This was not possible 
for the corpus-cancer series, since of the 89 patients, all but 10 white and 
4 Negro women survived for 5 years after therapy, or for the ovarian- 
cancer series, too small to subdivide by outcome. 

Breast-cancer patients were placed in 5 categories according to the 
surgeon’s and pathologist’s prognoses, based on Stout and Haagensen’s 
(22) criteria of operability and malignancy. These criteria included 
tumor size, location, fixation, metastases, and cellular differentiation. 
The 5 categories were: “good prognosis—good result,” “better than ex- 
pected result,” “poor prognosis—poor result,” ‘‘worse than expected 
result,”’ and “inoperable.” The first 2 groups, requiring by definition at 
least a 5-year survival after operation, averaged 14 years’ survival, with 
many in excellent health when last seen. The ‘poor result” and ‘worse 
result”’ groups survived for 3.9 years, and the ‘‘inoperable” group for 1.8 
years, on the average. Negro and white patients in all categories had 
similar survival times. 

Patients with cervical cancer were classified officially by Sloane Hospital 
authorities into the 5 International Stages. Therapy was almost ex- 
clusively surgical in Stage 0, and by radiation in the other Stages. For 
present purposes, the 5 Stages were combined into 3 prognostic groups: 
(1) Stage 0; (2) cancer patients in Stages II and III, who survived at 
least 5 years; and (3) cancer patients in Stages I, II, and III, who died 
within 5 years. Since, as expected, most patients with Stage I cancer 
lived more than 5 years, and none with Stage IV did, such patients were 
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omitted from the prognostic groups. Posttherapeutic survival in the 3 
prognostic groups, to date of last clinic visit, averaged 4.9, 11.5, and 3.0 
years, respectively. Again, white and Negro patients did not differ in 
survival times. 

Comparability of cancer groups.—The cancer series were reasonably 
comparable—their members were obtained in the same way over the 
same period of time and, for those with cervical, corpus, and ovarian 
cancer, from the same gynecological service. The breast-cancer patients 
were from the surgical service, drawn from the same outside population. 
As in all retrospective research, particularly on hospital patients, the 
selection of patients was subject to many sources of bias, known and 
unknown. The influence of such bias on the host factors of present con- 
cern is uncertain, but it is probably less for the cancer series than for the 
‘normal” comparison group. 

“Normal” controls —To obtain a comparison group similar to the cancer 
patients in age, ancestry, and socioeconomic status, but without known 
disease, about 900 women from the medical and dermatological outpatient 
clinics were studied. As with the cancer patients, the only conscious 
selective criteria were willingness and ability to stand unaided for photog- 
raphy, and again, few women declined. For several months in 1951-52, 
the constitutional examination was made routine for all dermatological 
outpatients. 

Of these 900 women, plus those from the gynecological and surgical 
clinics already mentioned, 249 were termed “normal” whose history, 
physical and laboratory examinations, and subsequent 1- to 5-year course 
disclosed no significant disease, past or present, other than childhood or 
certain long-since cured infections, chiefly venereal disease or pneumonia. 
All major disorders, such as tuberculosis, cholecystitis, peptic ulcer, 
diabetes, or cardiovascular, respiratory, renal, or neurological disease, 
were excluded. Even such relatively minor conditions as acne, adeno- 
matosis of breast or uterus, fibrocystic breast disease, endometrial hyper- 
plasia, ovarian inclusion cyst, neurodermatitis, osteoarthritis, “psycho- 
neurosis,” seborrhea, and mild labile hypertension were considered as 
disqualifying. These women were not hospitalized, except in a few cases 
for diagnosis. Complaining of aches or pains, indigestion, constipa- 
tion, nervousness, pruritus, rash, or vaginal bleeding, these outpatients 
had no disease or situational problems, contact dermatitis, ringworm, 
plantar warts, “functional” bleeding responding to curettage, temporary 
gastro-intestinal upset, or the like. 

At the dermatological clinic, 102 of 540 patients (19%) had no complaints, 
but they reported for routine checkup of old syphilis. Those with inactive 
disease, with no complications from it at any time, and whose treatment 
had been completed at least a year before, were included in the “normal” 
comparison group if otherwise qualified. Twenty-nine such women were 
found, 4 white (2.8% of the “normal” white series) and 25 Negro (24% 
of the “normal” Negro series). Both luetic groups were similar in age, 
height, weight, and somatotype to the nonsyphilitic “normal” women of 
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corresponding race. Interestingly, the cancer series also contained luetics 
in roughly similar proportions (see table 14). 

With the exceptions noted, neither in the present nor in the past did 
the comparison groups have any known disease. Whether or not called 
‘“normal,’’ they may serve as a control group for the cancer patients if 
otherwise comparable. 

The chief problem is that they were observed mainly between 1950 and 
1956, whereas the cancer patients were seen from 1937 to 1956. It is 
known that the percentage of Negroes and Puerto Ricans in the Presbyte- 
rian Hospital has increased since 1950, and doubtless many other changes 
have occurred from the earlier to the later period. The parental popu- 
lation may have changed in age, attitudes toward medical consultation, 
socioeconomic status, or way of life—all relevant to host factors in cancer. 
Confining comparisons within white and Negro groups, using, for some 
purposes, only those cancer patients seen since 1950, and matching for 
age can partially if not wholly compensate for known bias in selection. 
When one adds the effect of unknown bias, comparisons between cancer 
and ‘normal’ groups must be interpreted with caution. 

Other comparison series.—Women with fibromyomas and no other dis- 
order, except inactive syphilis—not even the relatively mild conditions 
listed—served as a benign-tumor comparison group. Since very few white 
women so qualified had been photographed, Negro women alone were 
used. Of 42 such women 13 (31%) had syphilis. 

For studying blood group and age at menarche, observations were 
made in 1947 on an additional 376 consecutive patients from the preg- 
nancy clinic. The same possibilities of biased selection hold for the 
fibromyoma- and pregnant-control series as for the “normal” group. 


METHODS 


The host factors investigated were: race, age at diagnosis, physique 
(height, weight, the height/ Yweight index, somatotype, dysplasia, and 
gynandromorphy), blood group, age at menarche and natural menopause, 
marital status, age at marriage, gravidity, parity, alcohol and tobacco 
consumption, and associated, but not necessarily concomitant, disease. 
Each factor was analyzed in relation to major diagnosis, and most factors 
were analyzed in relation to the prognosis and outcome of breast and 
cervical cancer as well. Somatotype was correlated with age at onset 
of cancer, or with age at photography for the normal controls. 

The data were obtained from two sources, hospital records and, 
except for the 349 PH patients with corpus cancer, a separate constitu- 
tional workup, providing two sources of information for many items. 
Clinical records were abstracted and diagnoses checked independently 
by the writer and two colleagues. 

With the patient nude, height and weight were measured, and stand- 
ardized photographs taken. The latter, accompanied only by age-height- 
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weight data for each subject, were placed in a single alphabetical file and 
somatotyped by the writer with the standard technique (/1,12,16), but 
without knowledge of the clinical diagnosis. Whenever his ratings differed 
from concurrent ones by an independent, highly qualified observer in 
any of the 3 somatotype components (endomorphy, mesomorphy, or 
ectomorphy), by 1 or more units on a 7-point scale, the writer resomato- 
typed the photograph without knowledge of either previous rating. In 
all cases, he assigned the final somatotype, and only after final assignment 
were somatotypes compared among the several diagnostic groups. (For 
65 of the 200 breast-cancer patients, photographed postoperatively, the 
diagnosis was obvious. Since, to anticipate, breast-cancer patients did 
not differ in somatotype from normal controls, knowledge of the diag- 
nosis in these 65 patients can hardly have influenced the ratings.) 

The writer somatotyped each of the first 174 photographs twice, 
independently, 6 to 8 weeks apart. The results, in table 3, compare 
favorably with those published (Tanner, 24), and indicate a high degree 
of reliability for a single observer. 


TaBLeE 3.—Consistency of somatotype ratings by one observer* 


Difference in ratings—first minus second trial 


(percentage of 174 subjects) Mean Test- 
Somatotype difference retest 
component —-1% -1 -% O +% 41 +1% +S.E. (r) 
Endomorphy 0 3 2 50 21 3 0 —0.01+0.10 0.90 
Mesomorphy 0 5 18 47 26 3 1 +0.05+0.08 0.79 
Ectomorphy 0 + 34 48 14 1 0 —0.14+0.10 0.90 
Average 0 + 25 48 20 2 0.3 


*Differences and correlation coefficients between 2 independent ratings, 6 to 8 weeks apart, of the same photo- 
graphs by one observer (AD). The subjects were 174 women aged 22 to 75 years (mean: 48.4), with cancer, fibro- 
myomas, or no disease, who had lost varying amounts of weight. 


Reliability of the standard somatotype technique as between two 
independent observers may be gauged by comparing present ratings on 
146 “normal” white women (see table 8, line 1) with published ratings by 
Sheldon (16, p. 457) on 124 of these women. The two sets of somatotypes 
are virtually identical. For 71 patients photographed 2 or 3 times 
between 1939 and 1956, the writer rated each print at least twice, inde- 
pendently, and assigned a single somatotype to each patient. 

Dysplasia, a measure of disparity among 5 body regions, was calculated 
from the 5 regional somatotypes and analyzed by total as well as on a 
7-point scale. Since both analyses gave identical results, only the 7-point 
scale is presented. 

Gynandromorphy—here, morphological masculinity in the female 
physique—was rated on a 7-point scale. Two independent determinations 
by the writer on 260 photographs showed identical gynandromorphy in 
62 percent, divergence of 1 point in 35 percent, and of 2 points in 3 
percent. 
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The groups were compared by the standard ¢ test, X?, and the test 
for the significance of a difference between two percentages. Since the 
focus of interest was each diagnostic or prognostic group in paired com- 
parison with normal or with other cancer groups, the analysis of variance 
technique, which measures the total variation among several groups, was 
used sparingly. 


RESULTS 


Race and Ancestry 


Table 1 presents the racial distribution of the several series. A few 
Chinese patients were not included. All women with known Negro 
ancestry were considered Negro, although a few so classified may have 
been as much or even more white or American Indian racially. The great 
majority were predominantly Negroid, with varying degrees of admixture. 
Puerto Ricans were called white or Negro according to their phenotypic 
appearance. 

The white to Negro ratio in the normal group, 59:41, was close to the 
50:50 or 55:45 estimated by Sloane and Presbyterian Hospital authorities 
to hold among their ward and clinic patients. Their estimate, the only 
one available for comparison, rests on repeated “spot checks” over 
several years. However, other evidence suggests a greater proportion of 
Negroes after, than before, 1950. Hence the normal subjects, obtained 
mostly since 1950, were compared only with cancer patients seen since 
that year. 

The cervical-cancer group, with a 58 Negro to 42 white ratio, differed 
significantly (P<0.001) from normal controls and from the breast-, 
corpus-, ovarian-, and multiple-cancer patients. These findings held for 
patients obtained both before and after 1950. The groups other than 
cervical cancer did not differ among themselves in respect to race. This 
marked Negro preponderance in cervical cancer has often been noted, 
e.g., by Dougherty, Hitt, and Tolbert (25) and by Kaiser and Gilliam (26). 

Among prognostic groups, those for breast cancer showed no racial 
association—that is, both whites and Negroes appeared in the 5 subgroups 
with their expected frequency. Among cervical-cancer prognostic sub- 
groups, Negroes appeared significantly more often (P<0.01) in Stage 0, 
for sampling reasons. (The recognition of Stage 0 only since 1947 at the 
Sloane Hospital has coincided with an increased proportion of Negroes on 
the obstetrical service, the source of most Stage 0 patients.) The more 
properly prognostic subgroups, Stages II and III with 5-year survival 
versus Stages I, II, and III without 5-year survival, did not differ racially. 

Ancestry of white patients——The white women were classified as Old 
American (4 grandparents U.S.-born), British, Irish, Gallic, German, 
Scandinavian, Mediterranean, Slavic-Central European, Greek, Levan- 
tine, Jewish, Puerto Rican (phenotypically white), and other Latin 
American. Table 4 shows their percentages. 
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TABLE 4.—Ancestry of white women 


Cancer 


Normal Breast Cervix Corpus Ovary Multiple 
Classification No. % No. % No. % No. % No. % No. % 


Old American........ 4s 8 8 6 — 2 10 
6 4 15 10 7 710 — — 2 10 
Ee 37 26 40 27 34 34 15 20 4 17 6 29 
UO 17 12 19 13 17 17 «13 «18 5 22 3 14 
Scandinavian........ 3 2 6 4 3 3 2 3 1 2 
Mediterranean....... 16 11 #13 «9 8 2 3 2 2 
Slavic-Central 

European.......... 9 6 3 2 10 10 3.4 3 2 
1 1 1 1 3 
34 24 27 18 @ 27 4 

Puerto Rican-white. . . 3 2 4 4 

Other Latin American. 3 2 6 1 


w 
bo 
w 


By the X? test, white women with cervical cancer differed significantly 
in ancestry from normal white women (P<0.01), from those with corpus 
cancer (P<0.002), and possibly (P<0.05) from those with breast and 
ovarian cancer, due to the well-known rarity of cervical cancer among 
Jewish women. It should be noted here that the proportion of Jewish 
patients in the hospital population has not changed in 20 years. 

Prognostic groups.—There were no differences in ancestry among the 3 
prognostic subgroups of white women with cervical cancer, nor among 
those with breast cancer compared in 2 ways: (1) better-than-expected 
versus worse-than-expected result, and (2) good prognosis-good result 
plus better-than-expected result versus poor prognosis-poor result plus 
worse-than-expected result. 

In respect to 5-year survival after treated cancer of the corpus, white 
women did not differ from Negro women, nor the white subgroups from 
one another. The numbers involved here were quite small—47 white 
and 11 Negro women survived, of 57 and 15, respectively, with 5-year 
follow-up. 

Summary of positive findings on race and ancestry.—As compared to the 
general hospital population, to the normal control series, and to the other 
cancer groups, patients with cervical cancer showed a significant excess of 
Negro and a deficit of Jewish women. Both findings have often been 
reported. 


Age 
Table 5 shows mean age of the racial and diagnostic groups at photog- 
raphy and at diagnosis, which averaged about 4 years earlier. 
Both white and Negro women with cancer were older than the ‘‘normal”’ 
comparison series, the differences being highly significant (P<0.001) for 
all Negro series and significant (P<0.01) for all white groups except the 
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TasBLe 5.—Age, race, and diagnosis 


Whites Negroes 
Age (years) Age (years) 
At At At At 
photograph diagnosis photograph diagnosis 


No. Mt2S.E. MitS.E. No. MtS.E. M+ S.E. 


Cancer 
I HMabanan%es 151 543 09 520 09 49 49.6 19 47.2 17 
OS eee 101 51.2 11 466 10 141 47.7 0.9 447 0.9 
Corpus—CL...... 73 62.9 11 560 1.2 16 62.9 20 57.2 2.1 
2% 55.4 26 51.1 21 4 61.2 83 
21 56.0 43 48.8* 2.5 53. 5 


*First malignancy. 


multiple cancer, in which P<0.03. Negroes with fibromyomas were prob- 
ably (P<0.02) older than the “normal” women, by 4 years. The com- 
parative youth of the normal controls is relevant to some of the later 
findings on physique, particularly weight and the height/{/weight ratio, 
which will be discussed. 

Of the several types of cancer, that of the cervix occurred earliest, the 
breast next, and then uterine corpus cancer. All such differences were 
statistically significant among both white and Negro women, except that 
age at diagnosis of breast and cervical cancer did not differ among the 
Negroes. This was due to their earlier incidence of breast cancer, by 4.8 
years (P<0.001), than that of the white women. There was no racial 
difference in age at diagnosis of cervical or corpus cancer. 

Among prognostic subgroups, neither white nor Negro women with 
mammary cancer showed any association between prognosis and age at 
diagnosis, the analysis of variance test yielding P-ratios>0.05. These 
findings resembled those of Wade (27), who found no age difference in 
survival time among 756 cases of untreated breast carcinoma, and of Lane- 
Claypon (28), who also found no age difference in survival, in 277 cases 
treated surgically. Two other reports of positive associations cancel one 
another: that by Smith and Smith (29), of poorer survival rates, and by 
Ryan et al. (30) of better survival rates among women aged 45 to 54 years. 

Among women with cervical cancer, those with Stage 0 were younger, 
by about 8 years, than those with more widespread lesions, as reported by 
Corseaden (31), Gusberg and Moore (82), and others. There was no dif- 
ference in age at diagnosis between the prognostic groups “Stages II and 
III, with 5-year survival” and “Stages I, II, and III, without 5-year- 
survival” for either white or Negro women. 

Summary of significant findings on age.-—Negro women with breast can- 
cer developed the disease about 5 years earlier than white women. Among 
both races, cervical cancer appeared earliest, then breast cancer, and later, 
corpus carcinoma. Age at diagnosis had no bearing on prognosis or out- 
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come in treated breast cancer. While patients with Stage 0 cervical can- 
cer were younger than those with more extensive lesions, the latter pa- 
tients showed no relationship between prognosis and age at diagnosis. 


Blood Groups 


The association of blood group and disease has received renewed study 
since the report, in 1954, by Aird and colleagues (33), which has been 
widely confirmed, that patients with peptic ulcers have more group O 
blood, and those with gastric cancer more group A, than expected by 
chance alone. Several authors cited by and including Buckwalter et al. 
(34) have found no association between blood group and cancer of the 
breast, cervix, corpus, or ovary; the present findings are likewise negative. 

The comparison series consisted of all patients, 1,848 white and 370 
Negro, who received a blood transfusion at the Presbyterian Hospital 
during a 6-month period in 1953. Their ABO blood group distributions 
(35) did not differ significantly from those of the following series: 225 
white and 151 Negro women from the pregnancy clinic; 132 white and 43 
Negro women with breast cancer; 63 white and 116 Negro women with 
cervical cancer, and 271 white and 35 Negro women with cancer of the 
uterine corpus. The corpus-cancer series included both Constitution 
Laboratory and other Presbyterian Hospital patients, since these two 
groups did not differ in blood type. Neither 23 white women with ovarian 
cancer, 34 Negro women with uterine fibromyomas, nor all 462 white and 
207 Negro cancer patients combined, differed from the “transfusion” 
series of corresponding race. 

The only prognostic groups large enough to analyze were the 55 “good 
results” versus the 39 “‘poor results’ among white women with treated 
breast cancer. No blood-group difference was found. 

Summary.—No significant association was found, among white or 
Negro patients, between ABO blood type and the several kinds of cancer 
studied here, separately or combined; nor between ABO blood type and 
outcome of treated breast cancer. 


Height, Weight, and the Ponderal Index (Height/\/Weight) 


Table 6 shows means and standard errors for height, weight, and the 
height/?/weight index by race and diagnosis. These data were obtained 
at the time of photography, or of diagnosis for those PH corpus-cancer 
patients not photographed. In general, height was similar in all groups 
studied, normal and diseased. 

Patients of both races with cancer of the uterine corpus were much 
heavier and stockier, that is, with a lower ponderal index, than normal 
women, the difference being highly significant among white women 
(P < 0.0001) and borderline among Negroes (P < 0.05). The 21 white 
women with multiple cancer were also heavier and stockier than normal 
controls, at the 4 to 5 percent levels. This was partly due to the inclusion 
of 11 women with cancer of the uterine corpus, who averaged 161 pounds 
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in weight, about 10 pounds more than the 10 patients whose multiple 
cancers did not include this site. 

In paired comparisons among the several types of cancer, white women 
with cancer of the uterine corpus were significantly heavier and stockier 
than those with breast (P < 0.001), cervical (P < 0.001), or ovarian cancer 
(P <0.01), all of whom resembled one another in weight and ponderal 
index. Negro women with corpus cancer also tended to be stockier than 
those with cervical cancer, but the difference fell short of statistical 
significance (P < 0.06). 

Thus women with corpus cancer were heavier than normal women, 
despite the former group’s reported average loss of 25 pounds from their 
maximum weight! It would also appear that women with corpus cancer 
were heavier than those with cervical cancer, as Corscaden and Gusberg (8) 
reported. 

Weight is so labile, however, that a single observation during the 
course of disease is unsatisfactory. Even normal women are often appre- 
ciably below their maximum weight, due to diet. Of the present normal 
and fibromyoma series, for example, only 60 percent when photographed 
were within 5 pounds of their maximum weight—their average was down 
about 7 pounds. 

If patients with corpus cancer were heavier than those with cervical 
cancer, at their first clinical visit, it might be because the former were 
older or because they had lost less weight with their disease. Decreased 
weight loss might in turn reflect a shorter interval between symptom and 
clinical visit, as much as any real biological difference in the hosts. The 
ideal comparison would be between the two groups at the same age, before 
cancer, or weight loss due to cancer, had developed. Such a procedure was 
followed by Perera and Damon (36) in comparing patients with accelerated 
and nonaccelerated essential hypertension. Short of the ideal, one might 
compare the hosts in respect to maximum normal weight and the age 
when it was attained. 

From the hospital record plus the patient’s admittedly fallible state- 
ments under detailed questioning, the top weight ever achieved was deter- 
mined for each patient. It had to be normal in origin, e.g., not due to 
edema, myxedema, or pregnancy, and had to persist over 6 months. 
While patients’ statements must, of course, be taken with much reserva- 
tion, the uncertainty is not likely to be systematic. Patients with, say, 
cervical cancer will probably not underestimate or overestimate their 
maximum weight consistently, relative to other groups of women. Four 
pounds were deducted from all clothed weights. In computing the 
ponderal index at maximum weight, % inch was added to height for most 
patients between 50 and 60 years of age, and 1 inch for those over 60. 
Where the photograph indicated otherwise, more (to a maximum of 1% 
inches) or less was added, sometimes nothing. 

All cancer groups had lost considerable, and for the most part highly 
significant, amounts of weight, varying between 14 and 39 pounds from 
top weight to weight when photographed. When the top weights and 
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indices of table 7 were compared by pairs among the various series, all 
cancer groups, except ovarian (all of whom were white women) and 
Negroes with cervical cancer, were heavier and stockier than normal con- 
trols. In addition, women with cancer of the uterine corpus were heavier 
and stockier than all groups with other cancer or with fibromyomas. Both 
sets of differences, cancer versus normal and corpus cancer versus other 
cancer and fibromyomas, were highly significant statistically, with 
P values from < 0.01 to < 0.0001. 

But even these data, while better than those based on weight at pho- 
tography, 2ve not conclusive, since the normal women were significantly 
younger when photographed, by 5 to 24 years, than cancer patients in all 
the various cancer groups. (The age at which maximum weight occurred 
was closer in the normal and cancer series, ranging from 2 to 15 years.) 
Could age account for part of the differences observed in maximum weight 
and body build? Yes, but only for part, since the observed differences 
in peak weight and ponderal index far exceeded those expected from the 
normal weight gain with age (37). Moreover, some significant differences 
occurred between groups of similar age, whereas some groups of different 
ages were alike. 

The foregoing arguments are indirect. As a more direct test, maximum 
weight and the heightA/weight index at top weight were computed (a) 
for normal white and Negro women, and for Negroes with cervical cancer, 
all past 50 years of age, for comparison with the corpus-cancer series; and 
(6) for normal white women over 40 and Negro women over 35 years, for 
comparison with the 3 other younger cancer series. As expected, the 
maximum weight of the older women exceeded that of the younger women 
within each racial and diagnostic group. 

Results of matching groups for age—At maximum weight, white patients 
with cancer of the uterine corpus were significantly heavier and stockier 
(P <. 0.01 to 0.0001) than normal white women and those with breast, 
cervical, or ovarian cancer, of the same average age. However, the heavi- 
ness and stockiness of the breast- and cervical-cancer patients at top 
weight, relative to normal women at top weight, fell to borderline 
significance levels. 

Among Negro women, only breast-cancer patients were significantly 
heavier, by 16 pounds, P < 0.01, at maximum weight than normal women 
matched for age. The corpus-cancer group was heavier than normal 
age-matched controls by 16.3 pounds, but the small size of both series, 
16 and 18 subjects, respectively, with large standard errors of the mean, 
made this difference statistically insignificant. However, the increase in 
top weight of patients with cancer of the corpus uteri over that of 
cervical-cancer patients persisted (17.6 pounds, P < 0.04). 

Summary of height, weight, and the ponderal index (height/*/weight).— 
Among white women, those with cancer of the uterine corpus were signifi- 
cantly heavier and more stockily built than those without disease, both 
at time of photography and at maximum normal weight. The corpus- 
cancer group was slso heavier and stockier than women with cancer of 
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the breast, cervix, or ovary. Patients with these other types of cancer, 
as well as multiple cancer, did not vary among themselves. All groups 
except Ovarian-cancer patients may have been heavier than normal 
women, but at borderline levels of statistical significance. 

In general, the same trends held among Negro women, but at somewhat 
lower levels of statistical significance. 

These findings take account of age and weight loss due to disease and, 
where significant, are apparently true “host factors.” 


Somatotype 


Somatotype, dysplasia, and gynandromorphy, by race and diagnosis, 
appear in table 8. The results of paired ¢ test comparisons among normal 
women and those with fibromyomas and the several types of cancer can 
be summarized as follows: 

Diagnostic groups.—White patients (but not Negroes) with breast cancer 
were less gynandromorphic, 7.e., more feminine in physique, than normal 
controls (P<0.01). In all other respects—endomorphy, mesomorphy, 
ectomorphy, and dysplasia—women of both races, with breast cancer, 
were indistinguishable from normal women. Thus, their borderline in- 
crease in maximum weight over age-matched normal women was not 
reflected in somatotype ratings. 

White women with breast cancer were significantly less dysplastic 
(P<0.01) than those with cancer of the uterine corpus. 

Both white and Negro patients with cervical cancer were less meso- 
morphic than their normal counterparts, P<0.02 and <0.01, respectively. 
As with breast cancer, white patients (but not Negroes) with cervical 
cancer were less gynandromorphic, or more feminine, than normal women 
(P<0.01). 

Patients with cancer of the uterine corpus, of both races, were much 
more endomorphic than normal women and women with fibromyomas, 
cancer of the breast, cervix, or ovary. P values ranged from 0.01 to 
0.0001, with the sole exception that the difference in endomorphy between 
Negroes with uterine corpus and breast cancer reached only the 5 percent 
significance level. 

White patients with corpus cancer showed a decreased ectomorphy as 
significant as their heightened endomorphy, but the decrease in ecto- 
morphy among Negroes with corpus cancer did not reach statistical 
significance. White and Negro patients with corpus cancer resembled 
normal women in mesomorphy, dysplasia, and gynandromorphy. 

Twenty-six white women with ovarian cancer were possibly less meso- 
morphic (P<0.05) and less gynandromorphic (P<0.03) than normal 
white women. The group was small, and the differences reached only 
borderline statistical significance. 

White women with multiple cancer were possibly more endomorphic 
than normal women and those with breast cancer (P<0.02 and <0.03), 
and possibly less gynandromorphic than normal women (P<0.05). 
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As with ovarian cancer, these differences, based on small numbers, are 
suggestive rather than conclusive. The presence in the multiple-cancer 
series of 11 women with corpus carcinoma may account for part of the 
former group’s increased endomorphy. 

Negro women with fibromyomas were more mesomorphic than normal 
women (P<0.03) and those with cancer of breast (P<0.0001), cervix 
(P<0.0001), and corpus (P<0.02). This finding was unexpected. 

It is worth noting that dysplasia distinguished only white women with 
corpus cancer from those with breast cancer, who were less dysplastic. 
Otherwise, there were no differences in dysplasia between normal white 
and Negro women, or between normal women of both races and those 
with fibromyomas or the types of cancer studied here. The present 
findings do not support the notion that cancer patients are particularly 
dysplastic. 

Prognostic groups.—(a) Breast cancer: Comparing the two “good 
result” and the two “poor result” subgroups, each consisting of the 
correct and the incorrect prognosis, the only difference was that the 
“poor result” patients were less mesomorphic. This reached the 2 
percent level in white women, but only the 10 percent level, which is not 
significant, among the Negroes. 

(b) Cervical cancer: As between Stages II and III with 5-year 
survival and Stages I, II, and III without 5-year survival, the latter 
group, among white patients only, was possibly less mesomorphic 
(P<0.05). Thus, dysplasia, gynandromorphy, and the two somatotype 
components other than mesomorphy, namely, endomorphy and ecto- 
morphy, were unrelated to the outcome of treated mammary and cervical 
cancer. Even in mesomorphy, the association was only among white 
patients and not highly significant. Nevertheless, the trend was similar 
for both breast and cervical cancer, in that the more mesomorphic 
patients survived longer. The relationship of this trend to the decreased 
mesomorphy among cervical cancer patients, both white and Negro, is 
speculative but deserves further study. 

(c) Uterine corpus cancer: The 10 white patients who died within 
5 years after treatment did not differ in any aspect of somatotype from 
the 63 who survived. 

Somatotype and age at cancer diagnosis —Not only may persons with 
various diseases and resistance to disease differ physically, but so also 
may those who acquire their disease relatively early or late in life. Ac- 
cordingly, somatotype was compared in normal women and in those who 
developed breast or cervical cancer (a) before and (6) at or after 45 years 
of age. For cancer of the uterine corpus, 50 years was the dividing line. 
The results were inconclusive. 

Discussion of somatotype findings—Women with endometrial cancer, 
when compared to those with the other forms of cancer, or without 
disease, were conspicuously high in endomorphy but no different in 
mesomorphy. To the extent, therefore, that endomorphy reflects fat, 
and mesomorphy bone and muscle—and the evidence (13, 38, 39) points 
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in this direction—one may attribute the increased weight and stockiness 
of corpus-cancer patients to obesity rather than muscularity. 

Women with cervical cancer were low in mesomorphy. Mesomorphy 
was also associated with survival in treated breast and cervical cancer, at 
probably significant levels among white women. 

White women with cancer of the breast, cervix, ovary, or with multiple 
cancer including one of the reproductive system were more feminine 
morphologically than normal white women. Does this phenomenon, if 
real, have an endocrine basis? Was it absent among corpus-cancer 
patients because they were older? Was it absent among Negro women 
because they were in general more masculine in physique than white 
women? 

Negroes with fibromyomas were surprisingly more mesomorphic than 
normal Negroes or those with breast, cervical, or corpus cancer. Several 
authors, e.g., Aschner (3), have commented on the stockiness of women with 
fibromyomas, but without proof and as one among many impressions 
proved incorrect. The explanation for this finding is not apparent. 

Our total ignorance of the mechanisms underlying the four associations 
just described among gross physique, disease, and prognosis warrants 
further investigation. 


Alcohol and Tobacco Consumption 


In view of current speculation that smoking may be an expression of 
some constitutional factor associated with lung cancer, it seemed worth- 
while to compare the smoking habits of normal women and of those with 
cancer of sites other than the lung. As for alcohol, the recent report 
of Williams (40) that alcoholics differ biochemically from normal controls 
suggests that alcohol consumption should be noted in connection with 
host factors in cancer. Lombard and Doering (4/) reported no association 
of cancer with alcohol consumption, but increased smoking among 
patients with several types of cancer. 

The patient’s word must of course be taken with reservation, but errors 
within the white or Negro groups are probably random. Consumption 
was rated in 5 stages: 0 if essentially no alcohol or tobacco had ever been 
consumed, + if a rare or occasional drink or smoke was admitted, ++ 
if less than 1 drink or 20 cigarettes a day, +++ if approximately this 
amount, and ++-+-4 if more. 

Alcohol.—Negro women, both normal and those with cancer, admitted 
to significantly more alcohol consumption than the corresponding white 
groups. Whether the difference was real or merely reflected freer admis- 
sion cannot be determined, but it has no bearing on comparisons within 
| each race. 

; Among the white subjects, normal women did not differ in alcohol con- 
sumption from those with cancer of the breast, cervix, or corpus, sepa- 
rately or combined into a general cancer group. Neither did the cancer 
series differ among themselves. Precisely similar negative results were 
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obtained among the Negro women. Moreover, normal Negro women 
reported the same alcohol consumption as those with fibromyomas. 

Tobacco.—Normal white and Negro women did not differ in reported 
tobacco consumption. For the Negroes, paired intercomparison among 
normal women and those with fibromyomas or with cancer of the breast, 
cervix, or corpus showed no significant differences. 

For white subjects, paired intercomparison among normal women and 
those with cancer of the breast, cervix, or corpus yielded 2 differences 
significant at the 1 percent level: Normal women and those with cervical 
cancer smoked more than those with corpus cancer. Since the latter 
group averaged 15 years older than normal women and 10 years older 
than the cervical-cancer patients, average ages were equated by compar- 
ing the corpus-cancer group with 32 normal women and 46 with cervical 
cancer, over age 50 years. The differences persisted, but their signifi- 
cance fell to borderline 2 to 5 percent levels. Body build may be relevant 
here, since the corpus-cancer patients were much stockier, more endo- 
morphic, and less ectomorphic than normal women and those with cervical 
cancer. But which came first, the obesity or the decreased smoking? 
Correlating somatotype with smoking habits of a sizable number of white 
persons of the same age and sex might prove rewarding. 


Age at Menarche and Menopause 


Ages at menarche and menopause are certainly innate characteristics, 
although environmental effect may be at work in the progressively earlier 
menarche and later menopause among American women, over the last 
few generations, and among immigrants to the United States, including 
Europeans and Japanese [Ito (42); Larson (43)]. These traits have been 
studied in patients with breast cancer, with some negative results [Bra- 
chetto-Brian et al. (44); Lilienfeld (45)]. Other authors [Olch (46), 
Heiberg (47)] have reported late menopause, but with inadequate con- 
trols; still others [Lane-Claypon and Smithers, both cited by Haagensen 
(22)] have reported late menopause, but by differing amounts. 

Viennese women with cancer of the uterine cervix or corpus were said 
to have had later than normal menarche [see Rendelstein (48)], while 
Italian women with these two kinds of uterine cancer were said not 
to differ from one another in age at menarche (Papadia and Nardone 
49). Lombard and Potter’s (40) report on cervical cancer in American 
women was equivocal as to late puberty, and Corscaden (27) quoted con- 
flicting reports as to menopausal age of women with corpus cancer. Re- 
calculation of Corscaden and Gusberg’s data (8) on 60 such patients gave 
a mean menopausal age of 50.26 years, as for women generally in the 
Presbyterian Hospital. Larson (43) has summarized the literature on 
a mean menopausal age of 50.26 years, as for women generally in the 
Presbyterian Hospital. Larson (43) has summarized the literature on 
menopausal age in corpus cancer as negative. 

Even more than with most data based on patients’ reports, figures on 
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menarche and menopause must be taken with much reservation, but 
errors are likely to be random from one diagnostic group to another. In 
the present series, age at menarche was 14.0 + S.E. 0.23 years for 50 
normal white women, and 13.6 + 0.26 years for 49 normal Negro women, 
a statistically insignificant difference, like that between 223 white and 
147 Negro women from the pregnancy clinic—13.8 and 13.6 years, respec- 
tively. In both races, age at menarche was unrelated to the presence or 
type of cancer or to the prognosis and outcome of breast and cervical 
cancer. 

The numbers were too small for definite conclusions as to menopausal 
age, which probably did not differ between normal white women and 
those with cancer, being about 50 years for both groups. This was also 
the mean menopausal age of 3 other series of normal white women in 
New York City: 63 from an unpublished Constitution Laboratory study, 
and 160 Italian and 117 Jewish women reported by Epstein, Boas, and 
Simpson (51). 

The only positive possibilities were that (1) white patients with corpus 
cancer had the menopause later than those with breast cancer, by 1} years, 
a figure significant at the 2 percent level, but of little practical import; 
and (2) Negro women with breast and corpus cancer had the menopause 
later than those with cervical cancer, by 3% years (P <0.01) and 2% years 
(P <0.02), respectively. 


Marital and Reproductive Status 


It has generally been observed that cancer of the breast and corpus 
occur more often than expected in single than in married women, while 
the reverse holds for cervical cancer. Marital status is of course biologi- 
cally relevant mainly as an index to sexual and reproductive activity. 
Since many ‘“‘single’”’ patients had produced numerous offspring, a woman 
was called “single” only if, in addition to never having married, she had 
never been pregnant. In the corpus-cancer PH series, ward and private 
patients did not differ in percentages of single or married and were there- 
fore combined. 

As shown in table 9, only the white patients followed precedent. The 
trend reached statistical significance only for the following paired com- 
parisons: More of the cervical-cancer patients were ever-married or preg- 
nant than normal controls (P <0.04), breast-cancer patients (P <0.01), 
and corpus-cancer patients (P <0.0001). 

Age at marriage.-—Lombard and Potter (50) and, more recently, Jones, 
MacDonald, and Breslow (52) have reported that patients with cervical 
cancer marry earlier than matched controls, but Zeitz (53) found no 
difference. In the present study, the age at marriage was known only 
for certain cancer patients, unfortunately not for all nor for the normal 
controls. Percentages of patients married before age 20 years appear in 
table 10. Both white and Negro patients with cervical cancer tended to 
marry before age 20 years in greater proportion than those with breast 
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TABLE 9.— Marital status 


Whites Negroes 


Percent Percent 


Ever- Ever- 
Single, married Single, married 
never or never or 
No. pregnant -pregnant - pregnant -pregnant 


2.9 


Fibromyomas 
Cancer 


or corpus cancer. However, statistical significance was reached only in 
the Negro cervical versus breast-cancer comparison (P < 0.01). 

Reproductive status—Clues to the etiology of cancer of the breast, 
uterus, and ovary have naturally been sought in fertility as well as in 
marital status. The consensus is that patients with breast and corpus 
cancer have borne fewer than the expected number of children, whereas 
among patients with cervical cancer, a significantly greater than expected 
percentage have borne at least one child. For cervical cancer, Lane- 
Claypon (64), summarizing the literature before 1927, and Dougherty 
et al. (25) in 1957, citing more recent studies and reporting their own, agree 
that parity above 1 may not matter. Indeed, Dougherty et al. noted, 
among both white and Negro patients, that married nulliparae had a 
significantly higher incidence of cervical cancer than single nulliparae, 
and suggested that marriage “itself”? may favor the development of 
cervical cancer. However, they lacked data on gravidity, without 
which—and even with which—the reason for the association remains 
obscure. 

The figures on gravidity and parity in the present study appear in 
table 11. Even when specially sought, as on a gynecological service, 
data on pregnancies and abortions are only approximate. Still less reliable 
are data from general surgical wards, where the present breast-cancer 


TaBLe 10.—Early marriage, where known 


Whites Negroes 


Percent married Percent married 
Cancer No. before age 20 ; before age 20 


Breast 69 
Cervix 53 
Corpus 30 
Ovary 13 
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patients were seen, and in the various clinics from which the normal 
control series were drawn. The reported parity is more trustworthy. 
Since the 86 ward patients with corpus cancer in the PH series had sig- 
nificantly more children than the 137 private patients (1.90 versus 1.01, 
P < 0.001), only the former were used, in combination with the CL 
(Constitution Laboratory) ward patients. It should be recalled that the 
normal Negro women and those with fibromyomas were considerably 
younger than those with cancer, and hence fewer children should be 
expected; the normal white women were also younger than those with 
cancer, but not by as much. 

Paired intercomparisons among all the diagnostic and prognostic groups 
gave the following significant results: 

Among white women: (1) The 97 patients with cervical cancer averaged 
0.5 more pregnancies and deliveries than the 91 normal women, at the 
1 and 3 percent significance levels, respectively. (2) The 27 breast- 
cancer patients who did better than expected had 1.26 more children than 
the 16 who did worse than expected (2% significance level). These are 
not dramatic positive findings—more remarkable is the failure to confirm 
previous reports of lowered fertility among women with breast and corpus 
cancer. It might be worthwhile to pursue the possibility that low fertility 
may be associated with decreased resistance to breast cancer. 

Among Negroes: (1) Women with fibromyomas, as might be expected, 
had roughly the same number of pregnancies as normal women and those 
with breast, cervical, or corpus cancer, but fewer deliveries than normal 
women (P<0.05) and those with cervical (P<0.001) or corpus cancer 
(P<0.02). (2) Patients with cervical cancer had significantly more 
pregnancies (P<0.001) and deliveries (P<0.01) than normal women and 
those with breast cancer (P<0.02 and 0.01, respectively), and more 
deliveries (P<0.001) than those with fibromyomas, but—as among white 
women—were no more fertile than those with corpus cancer. 

Nulliparity—It now remains to test two possibilities: (1) that child- 
bearing itself, rather than the total number of deliveries and (2) that 
marriage, independent of parity, may be associated with the development 
of cancer. The percentage of nulliparae was therefore computed for the 
various series, as shown in table 12. Paired comparisons among all series 
showed significantly more nulliparous women with corpus cancer than 
with cervical cancer, in both white (P<0.01) and Negro patients 
(P<0.02). White women with corpus cancer were nulliparous more 
often than those with breast cancer (P<0.05) and cervical cancer 
(P<0.01). Negroes with cervical cancer included significantly fewer 
nulliparae than normal women (P<0.01) and those with fibromyomas 
(P<0.001), breast (P<0.001) or corpus cancer (P<0.02). 

Prognosis and outcome of treated breast and cervical cancer were 
unrelated to nulliparity. Among nulliparae, as shown in table 13, the 
percentage of single women was much lower among white patients with 
cervical cancer than among normal women (P<0.05) or those with 
breast (P<0.01) or corpus cancer (P<0.01). Nulliparous Negroes with 
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TaBLE 12.—Nulliparity in normal women and those with cancer of the breast and 
reproductive system 


Whites 


Negroes 


Nulliparae % No. Nulliparae % 


30. 6 


28. 9 
40 17 42.5 


Cancer 


Ore ee 149 43 28. 9 50 21 42.0 
97 21 21.6 140 21 0 
2 


*Combined Constitution Laboratory (CL) patients (73) and ward patients (86) from the Sloane-Presbyterian 
Hospital (PH). 


cervical cancer also were less likely to be single than Negro women in the 
other categories, but this trend reached statistical significance only when 
patients with breast and cervical cancer were compared (P<0.001). 
The major trend among the Negroes was the preponderance of single 
women among nulliparae with breast cancer, who also exceeded those with 
corpus cancer (P<0.01), in this respect. 

Thus, marriage—even among nulliparae—was associated with cervical 
cancer (chiefly in whites) and was negatively associated with breast 
cancer (chiefly in Negroes). While these findings agree with those pre- 
viously reported, the racial differences, if confirmed on larger series, 
remain to be explained. 

Summary of marital and reproductive status: 


Marital status: cervical-cancer patients more often married, corpus-cancer patients 
less often (whites only) 
Age at marriage: cervical-cancer patients younger than those with breast cancer 


Gravidity: cervical-cancer patients >normal women (whites and Negroes) 
corpus-cancer patients>normal women (Negroes only) 
Parity: cervical-cancer patients >normal women (whites and Negroes) 


cervical-cancer patients>those with fibromyomas or breast cancer 
(Negroes only) 
patients with fibromyomas<normal or corpus-cancer patients 
(Negroes only) 

Nulliparity: cervical-cancer patients<corpus-cancer patients (whites and 
Negroes) 
cervical-cancer patients< normal women and those with fibromyo- 
mas or breast cancer (Negroes only) 

Marriage in cervical-cancer patients>breast-cancer (whites and Negroes) 

nulliparae: cervical-cancer patients >corpus-cancer (whites only) 

breast-cancer patients< normal women and those with fibromyomas 
or corpus cancer (Negroes only) 


Thus the patients with cervical cancer tended to marry relatively often, 
at a younger age, to have more pregnancies and deliveries, to be less 
often nulliparous, and to develop their disease if married, even though 
nulliparous. They contrasted more sharply in these respects with breast- 
cancer patients than with corpus-cancer patients, whereas in physique the 
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TABLE 13.—Single versus married nulliparae 


Whites Negroes 


Single 


Fibromyomas 
Cancer 


cervical- and breast-cancer patients were indistinguishable, with the 
chief contrast between cervical- and corpus-cancer patients. 

In identifying the host factors responsible for the associations long 
noted between reproductive activity and the various types of cancer in 
women, the present findings confirm those of others. Marriage “itself,” 
regardless of parity, was a significant factor in breast and cervical cancer, 
and the fact of parity or nulliparity was more important than the number 
of deliveries in excess of one. 

Insofar as limited numbers permit generalization, marital and repro- 
ductive status were unrelated to the outcome of treated breast and cervical 
cancer, with the possible exception that low fertility (not nulliparity) 
might be associated with decreased resistance to breast cancer. 


Association With Other Diseases 


Tabulating the association, or lack of it, among various disorders may 
provide valuable leads for experimental research into the mechanism of 
disease. For example, observation of the relative rarity of thyrotoxicosis 
in conjunction with cancer has stimulated much basic investigation (Raw- 
son, 55). Awareness of the increased incidence of gout in polycythemia 
vera has led to studies of purine metabolism and to the concept of secon- 
dary gout [Gutman, Yii, and Weissman (56)], with a similar prospect for 
polycythemia secondary to cerebellar hemangioblastoma, uterine myoma, 
and renal tumors [Damon and Holub (57)]. 

Virtually every disease has been studied in respect to coexistence with 
cancer, mostly with negative results. Haagensen (22) has summarized 
the data for breast cancer, and Corscaden (27) for cervical cancer. On 
the other hand, Corscaden cited several reports of an increased occurrence 
of diabetes and hypertension in women with cancer of the corpus. (Both 
may accompany the obesity rather than the cancer.) 

In a recent study of 34,650 autopsies, Grosse (58) could find no evidence 
for the alleged protection against cancer afforded by tuberculosis, but 
some workers have reported a significantly decreased association between 
cancer and hypertension (Zondek, 59; Moore, Taylor, and Corcoran, 60). 
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To establish such associations firmly requires a large number of cases, 
uniformly high standards of clinical and pathological investigation, and 
adequate controls. Statistical pitfalls abound (Mainland, 61). The 
present data are not suitable for elaborate tests of association because 
the series are relatively small and because there are no nonneoplastic con- 
trols, since both normal and fibromyoma series intentionally excluded 
other disease. It may be of interest, however, to compare the prevalence 
of a few disease entities among the breast-, cervical-, and corpus-cancer 
groups, as in table 14, where the following features are worth noting: 

1. Diabetes mellitus was more prevalent in white patients with cancer 
of the uterine corpus, 19 percent, than in those with the other forms of 
cancer, and also much more prevalent in them than in the general popu- 
lation (2-5%). Even when age and sex are taken into account, 19 per- 
cent exceeds that expected for elderly women. Obesity doubtless is 
involved, since the corpus-cancer patients were generally obese, but can- 
not be the sole explanation, since those with diabetes had essentially the 
same weight when photographed and the same maximum weight as those 
without diabetes. The proportion of Jewish women among those with 
diabetes (6 of 14, or 43%) did not differ significantly from the propor- 
tion of Jewish women among corpus-cancer patients without diabetes 
(14 of 59, or 24%). The association between diabetes and corpus cancer, 
often noted in the past, was confirmed by Garnet (9), who reported 
abnormal glucose tolerance in 62 percent of 50 women with endometrial 
cancer, but in only 20 percent of 50 nondiabetic controls of similar age 
and weight. The basis for this real association deserves more study. 

2. Essential hypertension, defined as 3 or more diastolic readings over 
90 mm. Hg, was found in 15 percent of 151 white patients with breast 
cancer and in 27 percent of 49 Negroes, a frequency considerably higher 
than the 8 percent of 49 breast-cancer patients (race unspecified) reported 
by Moore et al. (60). The present results resemble Zondek’s (59); namely, 
that the prevalence of hypertension in women with breast cancer is like 
that in the general population. 

3. The presence of fibromyomas can be stated with confidence only after 
examination of the surgically removed uterus. In the two groups for 
which such information was available, fibromyomas coexisted with corpus 
cancer in 25 of 73 white women (34%) and in 10 of 16 Negro women 
(62%). Fibromyomas also occurred in 6 of 26 white women with ovarian 
cancer (23%). Considering the small numbers involved, these figures 
accord reasonably well with the accepted prevalence of around 40 percent 
in the general population, and sustain Corscaden’s (27) and Larson’s (43) 
contention that fibromyomas and cancer of the corpus are independent. 


Two Modes of Development of Endometrial Cancer? 


In the development of endometrial cancer, Berthelsen and Svane (62) 
have advanced the hypothesis that there are two types. In one, cancer 
develops in relatively young women with clinical signs of hyperestrinism. 
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In the other, the disease appears after the menopause, without any such 
signs. In their series of 74 Danish patients with corpus cancer, the aver- 
age age of the 21 women in group 1 was 49.6 years, and the menopause 
had not occurred. These patients had a history of irregular bleeding, 
reduced fertility, increased incidence of fibromyomas, and pronounced 
histological differentiation of the cancer. 

In the present CL and PH series, there were 44 white ward-patients 
with corpus cancer (25% of all) and 14 Negroes (34%), with onset under 
the age of 50 years; 7 of the 44 white women and 3 of the Negro women 
were postmenopausal. The prevalence of fibromyomas was the same 
in these 58 younger women as in the 159 women whose cancer was diag- 
nosed after the age of 50 years, but the younger women were less parous, 
the number of deliveries for white women being 1.0 + S.E. 0.3 versus 
2.1 + 0.2, P<0.01; and for Negroes, 0.9 + 0.5 versus 2.8 + 0.6, P<c0.02. 
Incidentally, the younger women averaged about 30 pounds lighter at 
maximum weight. Only part of their decrease in parity and in obesity 
could reflect their relative youth. 

Since parity versus nulliparity seems to be more important, in the eti- 
ology of cancer of the breast and the reproductive system than the number 
of deliveries, as already noted, the fertility of patients with uterine 
corpus cancer developing before and after the age of 50 years was further 
compared in respect to frequency of nulliparity. The proportion of 
nulliparae in the younger group was higher, significantly so among white 
women (58 versus 34%, P<0.01) and possibly so among the Negro 
women (60 versus 25%, P<0.05). 

Present data thus suggest that women who develop corpus cancer 
relatively early may indeed be less fertile than those who develop it 
later, as proposed by Berthelsen and Svane. Such women may also be 
less obese. Although the asserted higher prevalence of fibromyomas was 
not borne out, the hypothesis of two modes of development of endometrial 
cancer deserves further exploration. 


DISCUSSION 


Several traits, noted in the Summary, appear to characterize the present 
sample of 910 women with cancer of the breast or reproductive system. 
Further research should attempt to confirm these associations, particularly 
the ones that are novel or of borderline statistical significance, and to seek 
an explanation for them. Until the facts are established, premature 
speculation is to be avoided. 

Since most of the present findings on age, race, blood group, age at 
menarche and menopause, and marital and reproductive status agree with 
previous reports, collection of more clinical statistics on these points 
appears less rewarding than exploration of the underlying mechanisms. 
For example, are marital and reproductive activity related to the develop- 
ment of the cervical cancer directly, through some etiological factor in 
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sexual exposure or childbirth? Or are women biologically distinctive 
who marry and reproduce early? Are racial differences in cancer inci- 
dence truly hereditary? If so, are susceptibility and resistance geneti- 
cally specific, or are they controlled through linkage or pleiotropism, or 
via an intermediate hormone-end organ relationship? In correlating 
host factors with the incidence and course of disease, some precautions 
should be kept in mind. 

1. The epidemiological study of disease can be misleading without 
rigorous experimental design. If one collects hospital data over many 
years, as in the present study, one can hardly avoid bias in the selection of 
patients and controls. Some selective factors, notably age and race, were 
known and could be taken into account, but others remain unknown. For 
example, the parent population must have changed in many ways 
between 1939 and 1956. Techniques of cancer detection and treatment 
certainly did. The effect of these and other possible sources of bias on 
the host factors studied here, particularly physique, is hard to measure, 
but none the less real. Since the entire population was not surveyed 
during this whole period, and since the sampling was not strictly random, 
one cannot generalize uncritically from present samples to the parent 
population, let alone to all mankind. 

Nevertheless, recognizing the shortcomings of retrospective hospital 
studies need not mean rejecting them entirely, for they have taught us 
much about disease. In the present case, the use of several cancer and 
control groups and two races reduces the effect of biased selection. Con- 
cordance with results reported on other populations, some more system- 
atically obtained, is encouraging. But the novel findings reported 
here are best regarded with caution, as indications for further research. 

2. Statistical ‘proof’? should be viewed skeptically, especially at 
borderline levels of significance. There is no substitute for independent 
confirmation on large samples. Even strong statistical relationships, 
with probabilities below 0.001, have vanished simply with continued 
collection of data from the same source, as in the alleged association of 
blood group and pituitary chromophobe adenoma (35, 63). 

3. Association is not causation. A and B may be correlated only be- 
cause both are effects of or merely associated with C. The obesity of 
women with endometrial cancer does not imply that weight reduction has 
preventive value, as sometimes advocated (27). Still less should women 
menstruating beyond the age of 50 years be sterilized, as has been seriously 
proposed (46), even if they were subject to an increased risk of cancer— 
an assumption for which one finds no conclusive evidence, in this or 
previous reports. The correlational or epidemiological approach cannot 
establish cause, though it may build up a strong presumption; it can 
merely estimate probabilities and thereby indicate hypotheses for experi- 
mental proof or disproof. 

4. Apparent host differences in susceptibility to disease may be due to 
external as well as internal environment. For example, the virtual 
absence of breast cancer among Eskimo women may be due to heptalde- 
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hyde in their rancid-fat diet [Lawson, Saunders, and Cowen (64)]. Can 
the remarkably low reported incidence of breast cancer in Japan [Pascua 
(65)| be due to some such factor, to inadequate reporting, or to heredity? 
Is the relative freedom of Jewish women from cervical cancer genetic, 
environmental, or both? Proper experimental design, e.g., testing, among 
matched controls, the association of cervical cancer with partner’s circum- 
cision (52), or determining cervical-cancer rates among Jewish women 
with Gentile or uncircumcised husbands, will help answer such questions. 
“Constitution” should not be invoked nor its basis sought without evaluat- 
ing alternative explanations for host factors in disease. 

Granting all the foregoing, it does appear that some of the present 
findings reflect a biological substrate for cancer, particularly of the uterine 
cervix and corpus. Being in part new and fairly dramatic, the associa- 
tions of, for example, cervical cancer with low mesomorphy and of corpus 
cancer with high endomorphy certainly require independent confirmation 
before speculation or extensive research on mechanism is warranted. This 
applies also to reported associations between physique and several other 
diseases (15-18). Nevertheless, there seems to be enough evidence, pres- 
ent and previous, to justify preliminary exploration of constitutional 
mechanisms. Promising lines include the genetics of physique and the 
correlation, in normal persons, of body form with biochemical and physio- 
logical function and with internal structure, both gross and microscopic. 
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( Announcements )_ 


International Symposium on Drugs Affecting Lipide Metabolism 


On June 2 through June 4, 1960, an international symposium will be 
held in Milan, Italy, to review the present status of biological and clinical 
research on “drugs affecting lipide metabolism.”” The symposium will be 
sponsored by the Institute of Pharmacology, University of Milan, Pro- 
fessor E. Trabucchi, chairman. Registration fee is $10 (U.S.). Informa- 
tion on participation and presentation of papers can be obtained from 


Professor S. Garattini, c/o Institute of Pharmacology, Via A. del Sarto 21, 
Milan. 


Cancer Current Literature Index 


This is a comprehensive up-to-date guide to the world’s medical litera- 
ture titles in the field of cancer, published at 2- to 3-week intervals by the 
Excerpta Medica Foundation, for the American Cancer Society, Inc. 
Price $7.50 a year. Each yearly volume will contain approximately 4,500 
references, from some 3,000 medical journals. Authors are listed on the 
right side of each page, and an alphabetical list of authors will also be pro- 
vided with each issue. A cumulated index of authors and a classified cross- 
reference subject index will be issued annually or semiannually. For 
complete information, write to Excerpta Medica Foundation, New York 
Academy of Medicine Building, 2 East 103 Street, New York 29, N.Y. 


Abstracts of Soviet Cancer Research 


A comprehensive review of papers and reports (translated) of Soviet 
research in the field of cancer, covering original publications appearing 
during the period 1950 to 1955. An over-all picture of Soviet work in 
cancer is presented in this volume. Among laboratory research papers are 
those dealing with tissue culture, tumor transplantation, immunological 
studies in cancer, protein metabolism in cancer cells, viral and chemical 


517 


| 
| q 
| 
-| & 
rat 


518 ANNOUNCEMENTS 


theories of carcinogenesis, and others. In the clinical field, attention is 
devoted to surgical and radiotherapeutic treatment and newer therapeutic 
methods, including chemotherapy, new techniques of irradiation, and 
combinations of surgery, chemotherapy, and irradiation. Reports on 
Soviet diagnostic procedures are included, emphasis being given to the 
use of aspiration biopsy and cytological diagnosis. The price of this vol- 
ume clothbound is $15. For further information write to Excerpta Medica 
Foundation, at the address given above. 


Bibliography of Cancer Produced by Pure Chemical Compounds 


In December 1959, the Bibliography of Cancer Produced by Pure Chemical Compounds, 
by Otto Neubauer, M.D., was published by the Oxford University Press. This is a 
survey of the literature up to and including 1947. Price $10.00. 


Manuscripts Approved for JNCI, December 15, 1959, to January 15, 1960 


“Cancer incidence in urban and rural areas of New York State,” by M. L. Levin, W. 
Haenszel, B. E. Carroll, P. R. Gerhardt, V. H. Handy, and S. C. Ingraham. 


a 
‘Oxygen effect and tumor size as related to response of C;B/Ba adenocarcinoma to 
local X irradiation,’’ by Herman Suit, Lawrence Schlacter, and J. Robert Andrews. 


“Enhanced mitotic activity by fluorene derivatives,’ by Franz Moewus. 


‘Development of 9 a-fluorohydrocortisone resistance in a 9 a-fluorohydrocortisone and 
related steroids,’ by Julia McCain Lampkin-Hibbard. 


‘Rearing germfree Japanese quail (Coturnix japonica) and their use in cancer research,” 
by James A. Reyniers and Miriam R. Sacksteder. 


‘‘Heterohemoantibodies in inbred mice with transplanted tumors and leukemias,” by 
Kurt Stern and Israel Davidsohn. 


‘“Hormone-induced tumors. I. Hamster flank organ and kidney tumors, in vitro,” 
by F. Thomas Algard. 


“The carcinogenic nitrogen heterocyclics in cigarette-smoke condensate,”’ by Benjamin 
Van Duuren, J. A. Bilbao, and C. A. Joseph. 


“Chromosome studies on normal and leukemic human leukocytes,’ by Peter C. 
Nowell and David A. Hungerford. . 


